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POST HARVEST CONTROL OF GENETICALLY MODIFIED CROP GROWTH EM- 
PLOYING D-AMINO ACID COMPOUNDS 

FIELD OF THE INVENTION 

5 

The invention relates to a method for preventing and/or suppressing growth of trans- 
genic plants comprising a transgenic expression cassette for a D-emino acid oxidase, 
which are grown on a field, in subsequent seasons among a population of other plants 
on said field or neighboring fields based on selective killing of the transgenic pfants by 
10 application of a D-amino acid (e.g. D-isoleucine) which is metabolized by said D-amino 
add in said transgenic plants into a phytotoxic compound. 

BACKGROUND OF THE INVENTION 

15 An aim of plant biotechnology is the generation of plants with advantageous novel 
characteristics, for example for increasing agricultural producti\nty, improving the qual- 
ity in foodstuffs or for the production of certain chemicals or pharmaceuticals (Dunwell 
JM (2000) J Exp Bot 61:487-96). 

20 There is however an increased concern about the release of genetically modified crops 
into the environment Recent stewardship and labeling laws and regulations require a 
low percentage of genetically modified material in products to be classified as not com- 
prising genetically modified matter Even more strict are the requirements for products 
to be labeled "ecological". 

25 

It is common to plant material that release into the environment is linked with unin- 
tended distribution of said material by e.g., cross-pollination. For genetically modified 
plants this raises the concern that once released it can only hardly be controlled. Once 
transgenic material was planted on a field, the subsequently grown products will com- 
30 prise substantial amount of transgenic materiaL 

The methods available so far to control the growth of transgenic crops in subsequent 
seasons are very limited. There is - for example - the terminator technology which 
renders the resulting seeds sterile. However, there is strong objection against this 

35 technology from farmers since the common farm-saved-seed procedure is impossible 
based on such crops. Furthermore this technology is limited to sexually propagated 
crops and cannot be applied to asexually propagated (like e.g, tuber plants like potato). 
Another alternative is the use of herbicides. There are however no herbicides currently 
available which selectively kill only the transgenic plant (vice versa herbicides are 

40 available with kill only the non-transgenic plant, e.g„ glyphosate). 

There are some systems known in the art and employed on laboratory scale which 
allow for selective killing of transgenic organisms (including plants) based on so^-called 
counter-selection mariner These are sequences encoding for enzymes which are able 
45 to convert a non-toxic compound into a toxic compound. In consequence, only cells will 
survive treatment with said non-toxic compound which are lacking said counter- 
selection marker, thereby allowing for selection of cells which have successfully under- 
gone sequence (e.g., mari<er) deletion. Typical counter-selection mariners known in the 
art are for example 



50 
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a) cytosine deaminases (CodA) in combination with 5-fIuorocytosine (5-FC) (WO 
93/01281; US 5,358,866; Gleave AP et al. (1999) Plant IVIoI Biol 40(2):223-35; Per- 
era RJ et al. (1993) Plant Mol Biol 23(4):793-799: Stougaard J (1993) Plant J 3:755- 
761); EP-A1 595 837; Mullen CA et al. (1992) Proc Natl Acad Sci USA 89(1):33-37; 

5 KobayashI T et al. (1995) Jpn J Genet 70(3):409-422; Schiaman HRM & Hooykaas 
PFF (1997) Plant J 11:1377-1385; Xiaohui Wang H et al. (2001) Gene 272(1-2): 
249-255; Koprek T et al. (1999) Plant J 19(6):71 9-726; Gleave AP et al. (1999) Plant 
Mol Biol 40(2):223-235; Gadego ME (1999) Plant Mol Biol 39(1):83-93; Salomon S & 
Puchta H (1998) EMBO J 17(20):6086-6095; Thykjaer T et al. (1997) Plant Mol Biol 
10 35(4):623-530; Serino G (1997) Plant J 12(3):697-701; RIsseeuw E (1997) Plant J 
11(4):71 7-728; Blanc V et al. (1996) Biochimie 78(6):511-517: Oomeille S et al. 
(2001) Plant J 27:171-178). 

b) Cytochrome P-450 enzymes in combination with the sulfonylurea pro-herbicide 
1 5 R7402 (2-methylethyl-2-3-dihydro-N-[(4.6-dimethoxypyrimidlne-2-yl)amlnocarbonylI- 

1.2-benzoisothiazol-7-sulfonamid-1,1 -dioxide) (O'Keefe DP et al. (1994) Plant 
Physiol 105:473-482; Tissier AF et al. (1999) Plant Cell 11:1841-1852; Koprek T 
et al. (1999) Plant J 19(6):719-726; O'Keefe DP (1991) Biochemistry 30(2):447-66). 

20 c) Indoleacetic acid hydrolases like e.g., the tms2 gene product from Agrobacterium 
tumefaciens in combination with naphthalacetamide (NAM) (Fedoroff NV & Smith 
DL (1993) Plant J 3:273-269; Upadhyaya NM et al. (2000) Plant Mol Biol Rep 
18:227-223; Depicker AG et al. (1988) Plant Cell rep 104:1067-1071; Karlin- 
Neumannn GA et al. (1991) Plant Cell 3:573-582; Sundaresan V eta). (1995) Gene 

25 Develop 9:1797-1810; Cecchini E et al. (1998) Mutat Res 401(1-2):199-206; Zubko 
E et al. (2000) Nat Blotechnol 18:442-445). 

d) Haioalkane dehalogenases (dhIA gene product) from Xanthobacter autotropicus 
GJ10 In combination with 1,2-dichloroethane (DCE) (Naested H et al. (1999) Plant J 

30 18(5)571-576; Janssen DB et al. (1994) Annu Rev Microbiol 48: 163-191; Janssen 
DB (1989) J Bacteriol 171(12):6791-9). 

e) Thyrhidine kinases (TK), e.g., from Type 1 Herpes Simplex virus (TK HSV-1). in 
combination with acyclovir, ganciclovir or 1 ,2-deoxy-2-f)uoro-b-D^arabinofuranosll-5- 

35 iodouracile (FIAU) (Czako M & Marton L (1994) Plant Physiol 104:1067-1071; 
Wigler M et al. (1977) Cell 1 1(1):223-232; McKnight SL et at. (1980) NucI AckJs Res 
8(24):5949-5964; McKnIght SL et al. (1980) Nud Adds Res e(24):5931-5948; Pre- 
ston et al. (1981) J Virol 38(2):593-605; Wagner et al. (1981) Proc Natl Acad Sci 
USA 78(3):1441-1445; St. Clair etal.(1987) Antlmicrob Agents Chemother 

40 31(6):844-849). 

Several other counter-selection systems are known in the art (see for example intema- 
tlonal application WO 04/013333; p. 13 to 20 for a summary; hereby Incorporated by 
reference). However, these selection systems have at least the following disadvan- 
45 tages: 

1 . they require use of at least another negative selection marker (e.g., conferring resis- 
tance against a herbicide or a antibiotic), which allows for selection of plants which 
have incorporated the counter-selection marker. 

50 
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2. the compound used for selection are highly expensive and often only applicable In 
cell culture or via the medium. None of the above mentioned systems was employed 
for use as a selective herbicide on the field to control growth of transgenic plants. 

S WO 03/0601 33 is describing enzymes like the D-amino acid oxidase from Rhodotorula 
gracilis. The toxic effect of certain amino acids can ^ depending on the amino acid - be 
lowered or increased by melabolization by e.g.. a D-amlho acid oxidase. There is some 
teaching about using certain D-amino acids to Kill non-transgenic plants and certain D- 
amino acids to foster growth of transgenic plants, but no teaching for the reverted ef. 
10 fects. 
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As described above there is an unsatisfied demand - especially in the plant biotech- 
nology area - to provide methods and compositions for selectively preventing growth of 
transgenic plants. This objective has been achieved by the present invention. 

BRIEF DESCRIPTION OF THE IISIVENTION 



Accordingly, a first embodiment of the invention relates to a method for preventing 
and/or suppressing growth of transgenic plants, which were grovwi on a field, in subse- 
20 quent seasons among a population of other plants on said field or neighboring fields 
comprising the steps of: 

i) providing seeds of a transgenic plant comprising at least one first expression cas- 
sette comprising a nucleic acid sequence encoding a D-amino acid oxidase opera- 
25 biy llnlced with a promoter allowing expression in plants, in combination with at least 
one second expression cassette suitable for conferring to said plant an agronomi- 
cally valuable trait, and 

II) In a first season sowing said seeds on a field, growing said transgenic plants and 
30 harvesting the resulting plant products. 

iii) providing at least one compound M. which is non-phytotoxic or moderately phyto- 
toxlc against plants not comprising a transgenic expression cassette for a D-amino 
acid oxidase, wherein said compound M can be metabolized by said D-amino acid 
35 oxidase into one or more compound(s) N which are phytotoxic or more phytotoxic 
than compound M, and 

iii) in a subsequent season preventing and/or suppressing growth of said transgenic 
plants on said field or neighboring fields or areas, where other plants are grown or 
40 growing not comprising a transgenic expression cassette for a D-amino acid oxi- 
dase, by treating said fields or areas with said compound IVI in a concentration 
which is non-phytotoxic against said other plants, but which is - in consequence of 
the metabolization into compound(s) N - phytotoxic against said transgenic plants 
thereby selectively preventing or suppressing growth of said transgenic plants. 

45 

In another prefen-ed embodiment the (non-phytotoxic, but metabolizable into phyto- 
toxic) compound M is preferably comprising a D-amino acid structure selected from the 
group consisting of D-isoleucine, D-valine, D-asparagine. D-leucine, D-lysine D- 
proline, and D-glutamine, and derivatives thereof. Preferably, M is comprising and/or 
50 consisting of D-isoleucine, D-valine, or derivatives thereof. 
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There are multiple D^amino acid oxidases known in the art which may be employed 
within the method of the invention. Preferably, the D-amino acid oxidase expressed 
from the DMA-construct of the Invention has preferably metabolising activity against at 
least one D-amino acid and comprises a sequences motive having the following 
5 consensus sequence: 

[LIVMHLIVM]-HMNHA]-Y-G-x-[GSAHQSA]-X-^^^ 

wherein the amino acid residues given In brackets represent alternative residues for 
10 the respective position, x represents any amino acid residue, and indices numbers in- 
dicate the respective number of consecutive amino acid residues. 

For example the D-amino acid oxidase is described by a sequence of the group con- 
sisting of sequences described by GenBank or SwIsProt Acc.No. JX0152, 001739, 
15 033146, 035078, 045307. P00371, P14920, P18894, P22942, P24552. P31228, 
P80324. Q19564, Q28382, Q7P\A0C4, Q7PWY8, Q7Q7G4. Q7SFW4, Q7Z312. 
QB2MI8. Q86JV2. Q8N552. Q8P4IVI9, Q8PG95. Q8R2R2, Q8SZN5, QBVCW7, 
Q921M5, Q922Z0, Q95XG9. Q99042, Q99489, Q9C1L2, Q9JXF8, Q9V5P1. Q9VM80, 
Q9X7P6, Q9Y7N4, Q9Z1M5, Q9Z302, and U80066, 

20 

More preferably, the D-amino acid oxidase is selected from the group of amino acid 
sequences consisting of 

a) the sequences described by SEQ ID NO: 2, 4, 6, 8. 10, 12, and 14. and 

25 

b) the sequences having a sequence homology of at least 40%. preferably 60%, 
more preferably 80%, most preferably 95% with a sequence as described by SEQ 
ID NO: 2, 4. 6, 8. 10, 12, and 14, and 

30 c) the sequences hybridizing under low or high stringency conditions - preferably un- 
der high stringency conditions - with a sequence as described by SEQ ID NO: 2, 4, 
6, 8, 10, 12, and 14. 

Another embodiment of the invention is related to selective herbicidal composition 
35 comprising at least one compound M, wherein M is comprising a D-amino acid struc- 
ture, preferably selected from the group consisting of D-isoleuctne, P--valine, D- 
asparagine, D-leucine, D-lysine« D-proline, and D-glutamine, and derivatives thereof. In 
a preferred embodiment the selective herbicidal composition comprising at least one 
compound selected from the group consisting of D-isoleucine, D-valine, and derivatives 
40 thereof. An other embodiment of the Invention is related to the use of a selective herbi- 
cidal composition of the invention to prevent or suppress unwanted growth of trans- 
genic plants. 



45 



GENERAL DEFINITIONS 

The teachings, methods, sequences etc- employed and described in the international 
patent applications WO 03/004659, WO 04/013333, WO 03/060133 are hereby incor- 
porated by reference. 

50 To facilitate understanding of the invention, a number of temns are defined below. It is 
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to be understood that this invention is not limited to the particular methodology, prot< 
cols, cell lines, plant species or genera, constructs, and reagents described as such. 
IS also to be understood that the terminology used herein is for the purpose of descrifc 
ing particular embodiments only, and is not intended to limit the scope of the preser 
invention which will be limited only by the appended claims. It must be noted that a 
used herein and in the appended claims, the singular forms "a" and "the" include plura 
reference unless the context cleariy dictates othenvise. Thus, for example, reference tc 
"a vector'* is a reference to one or more vectors and includes equivalents thereo 
known to those skilled in the art, and so forth. 



The tenm "about" Is used herein to mean approximately, roughly, around, or In the re- 
gion of. When the term "about" is used in conjunction with a numerical range, it modi- 
fies that range by extending the boundaries above and below the numerical values set 
forth. In general, the term "about" is used herein to modify a numerical value above and 
15 below the stated value by a variance of 20 percent up or down (higher or lower). 

As used herein, the word "or" means any one member of a particular list and also In- 
cludes any combination of membei^ of that list. 

20 "Agronomically valuable trait" include any phenotype in a plant organism that is useful 
or advantageous for food production or food products, including plant parts and plant 
products. Non-food agricultural products such as paper, etc. are also included, A partial 
list of agronomically valuable traits includes pest resistance, vigor, development time 
(time to harvest), enhanced nutrient content, novel growth patterns* flavors or colors, 

25 salt, heat, drought and cold tolerance, and the like. Preferably, agronomically valuable 
traits do not include selectable marker genes (e. g., genes encoding herbicide or anti- 
biotic resistance used only to facilitate detection or selection of transformed cells), 
hormone biosynthesis genes leading to the production of a plant hormone (e-g., auxins, 
gibberilins, cytokinins, abscisic acid and ethylene that are used only for selection), or 

30 reporter genes (e.g. luciferase, glucuronidase, chloramphenicol acetyl transferase 
(CAT, etc.). Such agronomically valuable Important traits may include improvement of 
pest resistance (e.g., Melchers etaL (2000) Cun-Opin Plant Biol 3(2): 147-52). vigor, 
development time (time to harvest), enhanced nutrient content, novel growth patterns, 
flavors or colors, salt, heat, drought, and cold tolerance (e.g., Sakamoto et al. (2000) J 

35 Exp Bot 51(342):81^; Saljo et al. (2000) Plant J 23(3): 319-327; Yeo et al.(2000) Mol 
Cells 10(3):263-8; Cushman et al. (2000) Curr Opin Plant Biof 3(2):1 17-24), and the 
like. Those of skill will recognize that there are numerous polynucleotides from which to 
choose to confer these and other agronomically valuable traits. 

40 As used herein, the term "amino acid sequence" refers to a list of abbreviations, letters, 
characters or words representing amino acid residues. Amino acids may be refenred to 
herein by either their commonly known three letter symbols or by the one-letter sym- 
bols recommended by the lUPAC-IUB Biochemical Nomenclature Commission. Nu- 
cleotides, likewise, may be refenred to by their commonly accepted single-letter codes. 

45 The abbreviations used herein are conventional one letter codes for the amino acids: 
A, alanine; B, asparagine or aspartic acid; C. cysteine; D aspartic acid; E, glutamate. 
glutamic acid; F. phenylalanine; G, glycine; H histidine; 1 isoleudne; K, lysine; L, leu- 
cine; M, methionine; N, asparagine; P, proline; Q, glutamine; R, arginine ; S, serine; T, 
threonine; V, valine; W, tryptophan; Y, tyrosine; 2, glutamine or glutamic add (see L. 

50 Stryer. Biochemistry, 1988. W. H. Freeman and Company, New York. The letter "x" as 
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used herein within an amino acid sequence can stand for any amino acid residue. 

The term "nucleotide sequence of interest" refers to any nucleotide sequence, the rna- 
nipulation of which may be deemed desirable for any reason (e.g.. <^°"^er 'mproved 
qualities), by one of ordinary ski!! in the art Such nucleotide sequences include, l^ut are 
n^ limited to, coding sequences of structural genes ^^^er ^^'^^^^^^ 
marker genes, oncogenes, drug resistance genes, growth factors ^nd non- 

coding regulatory sequences which do not encode an mRIMA or protein product, (e.g., 
promoter sequence, polyadenylation sequence, temilnatlon sequence, enhancer se- 
quence. etc ). A nucleic acid sequence of interest may preferably encode for an 
agronomically valuable trait. 

The term "nucleic acid' refers to deoxyribonucleotides or ribonucleotides and polymers 
or hybrids thereof in ^her single-or double-stranded, sense or antisense form. Unless 
otherwise indicated, a particular nucleic acid sequence also '"JJ^'^^^^^^^^^ 
conservatively modified variants thereof (a. g., degenerate codon substit^^ion^ and 
complementary sequences, as well as the sequence explicitly indicated. The term nu- 
add" u^^^^^ herein with "gene". "cDNA, "mRNA". "oligonudeo- 

tWe." and "polynudeotide". 

The phrase "nucleic acid sequence" refers to a single or double-stranded polymer of 
S^x^SbonucIeotide or ribonudeoiide bases read from the 5'- to the 3^;endjt .ndudes 
chromosomal DMA. self-replicating plasmids. infectious polymers of DNA or RNA and 
SlTor thaT performs a primarily stmctural lole. "Nudeic acid sequence" also 
refers to a consecutive list of abbreviations, letters, characters or words which repre- 
sent nucleotides, in one embodiment, a nudeic add can be a probe" which is a^e^- 
tively short nucleic add. usually less than 100 nudeotides in ^".f*®" f 
acid probe is from about 60 nudeotides in length to about ^0 ""f l®"^^^- 
"taraet region" of a nucleic add is a portion of a nucleic add that is identified to be of 
InteTest. A "coding region" of a nudeic acid is the portion of ""^'^l^^f '^^^^I!^ ' 
transcribed and translated in a sequence-specific manner to produce into a Particular 
pTpeptide or protein when placed under the control of appropriate regulatory se- 
quences. The coding region is said to encode sudi a polypeptide or protein. 

A "polynudeotide construct" refers to a nucleic acid at least partly created by recombi- 
nant methods. The temi "DNA construct" Is referring to a polynudeotide ^"^J'^^ 
sisting of deoxyribonudeotides. The construct may be single- or - preferably - double 
stranded. The construct may be drcular or linear. 

The skilled worker Is familiar with a variety of ways to obtain one of a DNA constmct. 
Construds can be prepared by means of customary recombination and cloning tech- 
niques as are described, for example, in T, IVIaniatis. E.F. Frrtsch and J. fambrook 
Molecular Cloning: A Laboratory Manual. Cold Spring Harbor Lab°rato^^ Co d 
Sorina Harbor. NY (1989). in T.J. Silhavy. M.L. Berman and L.W. Enquist. Expenments 
XleneTusions. cold Spri^ Harbor Laboratory. Gold Spring Harbor. NY (1984) and 
in Ausubel. F.M. et a!.. Current Protocols in Molecular Biology. Greene Publishing 
Assoc. and Wiley Intersdence (1987). 

The temi "sense" is understood to mean a nudeic add having a sequence which is 
homologous or identical to a target sequence, for example a sequence which binds to a 
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protein transcription factor and which is involved in the expression of a given oene 
According to a preferred embodiment, the nucleic acid comprises a gene oHntereS 
and elements allowing the expression of the said gene of interest 

ILm?n'SJ;T"^^"^®" understood to mean a nucleic acid having a sequence com- 
theXkS^ nf sequence fbr example a messenger RNA (mRf^) sa^urnce 

get s^quenL ^'^^^'>" « nought to be initiated by hybridization with the tar- 

^"l!"* *® "complementary" or "complementarity*' are used in reference 
to nudeo ,de sequences related by the bas^palring rules. For example the s^uen2 

tia'?or ?o4'l '""^ ""^"^"^ Complementarii, can be C 

mifrh J S.; w f complementarity is where one or more nucleic add bases is not 
? a<^cording to the base pairing rules. Total" or "complete" complemlntanty 

ottTh^ J"'nT T^^^ ""'^'^ ^"^^ ""^'^■'^ ^^^^ matched vSh an- 

l^Lrt f K ^ base Painng mies. The degree of complementarity between nC- 
cte^ acid strands has signrficant effects on the efficiency and strength oV hybridlzatton 
■ t^^n^rT"" ""^'l ^ "««"'Pte'"«"t" of a nucleic acid fequeni as Csed 

20 to thl nuH «how total complementary 
20 to the nucleic acids of the nucleic acid sequence. Hiwnenraniy 

The term "genome" or "genomic DNA" is referring to the heritable genetic Information of 
rL'''^^""'"- ^^,19^"°'"''= DNA comprises the DNA of the nucleus Ss^reSed 
to as chromosomal DNA) but also the DNA of the plastids (e.g . chioroplasts> and 
^^ar organelles (e.g., mitochondria). Pr^erably'the tenislenomrf gtnom^^ 
IS refemng to the chromosomal DNA of the nucleus. 9«nomic uina 

T?ie term "chromosomal DNA" or "chromosomal DNA-sequence" is to be understood 
as the genomic DNA of the cellular nucleus Independent from the cencyde status 
Chromosomal DNA might therefore be organized in chromosomes orThSdslhev 
might be condensed or uncoiled. An insertion into the chromosomal DNlcSfbedem^ 
ons^ted and analyzed by various methods known in the art like e g polymerise 

The tenn "gene" refers to a coding region operably joined to appropriate regulatorv 
sequences capable of regulating the expression of the polypeptide In some manr^f A 
gene includes untranslated regulatory regions of DNA (e g.; promoters enhan^ 
repressors efcO preceding (upstream) and following (delist eLrSrc^dlng r^n 

l^C ^""t: 2^? ^" ^^^^^ ^PP«^^b'«' '•"t^'venlng sequenisTr 

introns) between individual coding regions (i.e., exons). The temi "sTructural gene" ^ 
used herein 'S imended to mean a DNA sequence that is transcribed into mRlS^ whl^ 
^ihen translated.into a sequence of amino acids characteristic of a specific polypip- 

i^«r!f iHf"^'" I"®**?'"' '^S'^"" ^f^^" reference to a stmctural gene 

^Tfn l^l ! * ?J °^ ^ ""^^ The coding region is bo^n- 

infttrr r^^Z ' S'''''^ ^'P'^* ">^TG" which encodes the 

initiator methionine and on the 3'-side by one of the three triplets which specify stop 
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.orton^ (ie TAA TAG TGA). In addition to containing introns, genomic forms of a 
afne miraisol^clud^^^^^^ located on both the 6'- and 3'-end of the sequences 
Sh ai' X^on the RNA transcript. These -q-ces^--ferred to as 11anK.ng 
cf=^nencfis or reaions (these flanking sequences are located 5 or 3 to the non 
5 S^nsfatS s^uSSs p^senl on the mRNA transcript). The 5'-flanklng region may 
cort^n rLubto^fe^^ such as promoters and enhancers which control or influ- 
^^ZT^^^oxt^oifhe gene. The S'-flanking region may contain sequences which 
dPrSt Sfe teSlon o^^ posttranscriptional cleavage and polyadenytat.on. 

n The term "exDreaalon construct" or "expression construct" as used herein Is Intended to 
mean he SmSn of any nucleic acid sequence to be expressed ^P^^^^e Imk" 
a!ZT^TZoXer sequence and - optionally - additional elements (i.ke e.g.. temih 
Xr anc^o^poly^en^atlon sequences) which facilitate expression of sa,d nude.c 
add sequence. 

The temi "promoter." "promoter element." or "promoter sequence" as used herein, re- 
2S toTDNATeTuenci which when ligated to a nucleotide sequence '"^^^ f t Is^^ 
cable of «,ntroll.ng the transcription of the nucleotide sequence of '"teresnnto mRWA. 
A is tvDicallv though not necessarily, located 5' (/.©., upstream) of a nucleo- 

s^uenS^ f tt orSnates from a foreign species, or. if from the same speaes. is modi- 

CtU™^ s-tete ^n, a dltterant «a.,pe or variety). SuKabte promoters can 
30 dertved iroiT, plants or plant pathosens Bka e.g., plant >nniaeB. 

Promotere may be tissue spedflo or cell specific. The temi "tissue spedfitf' as » applies 
STp^r^oT^ to a promoter that is capable of dimcfing selective «P'«f^'o" 
nu^S sequence of inte>est to e specific type of tissue (e.s., '^{'"J^'^ 

^ E^S:c:rrJr.irs?e'"c^r^^^^ 

^p"cSr*«:nS?^ is'ntegrated into every tissue of ^^^'^Sr^^tCorrhe 
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tissue. Cell type specificity of a promoter may be assessed using methods well known 
In the art, e.g„ GUS activity staining (as described for example in Example 7) or immu- 
nohistochemical staining. Briefly, tissue sections are embedded in paraffin, and paraffin 
sections are reacted with a primary antibody which is specific for the polypeptide prod- 
5 uct encoded by the nucleotide sequence of Interest whose expression is controlled by 
the promoter. A labeled (e.g., peroxidase conjugated) secondary antibody which is 
specific for the primary antibody Is allowed to bind to the sectioned tissue and specific 
binding detected (e.g., with avidln/biotin) by microscopy. Promoters may be constitutive 
or regulatable. The terni "constitutive'* when made in reference to a promoter means 

10 that the promoter is capable of directing transcription of an operably linked nucleic acid 
sequence In the absence of a stimulus {e.g., heat shock, chemicals. light, etc.). Typi- 
cally, constitutive promoters are capable of directing expression of a transgene in sub- 
stantially any cell and any tissue. In contrast, a "regulatable" promoter is one which is 
capable of directing a level of transcription of an operably linked nuclei acid sequence 

15 in the presence of a stimulus (e.g., heat shock, chemicals, light, etc.) which is different 
from the level of transcription of the operably linked nucleic acid sequence In the ab- 
sence of the stimulus. 



Where expression of a gene in all tissues of a transgenic plant or other oiganism is 

20 desired, one can use a "constitutive" promoter, which is generally active under most 
environmental conditions and states of development or cell differentiation (Benfey et al. 
(1989) EMBO J. 8:2195-2202). The promoter controlling expression of the trait gene 
and/or selection marker can be constitutive. Suitable constitutive promoters for use In 
plants include, for example, the cauliflower mosaic virus (CaMV) 35S transcription inl- 

25 tiation region (Franck et aL (1980) Cell 21:285-294; Odell et al.(1985) Nature 313:810- 
812; Shewmaker et al. (1986) Virology 140:281-288; Gardner et al. 1986, Plant MoL 
Biol. 6, 221-228), the 19S transcription initiation region (US 5,352,605 and 
WO 84y02913), and region VI promoters, the I'-or 2'-promoter derived from T-DNA of 
Agrobacterium tumefaciens, and other promoters active in plant cells that are known to 

30 those of skill In the art. Other suitable promoters include the full-length transcript pro- 
moter from Figwort mosaic virus, actin promoters, htstone promoters, tubulin promot- 
ers, or the mannopine synthase promoter (MAS). Other constitutive plant promoters 
include various ubiqultln or polyublquitin promoters derived from, inter alia, Arabidopsis 
(Sun and Callis (1997) Plant J 11(5): 1017-1027), the mas, Mac or DoubleMac promot- 

35 ers (US 5.106,739; Comai et al. (1990) Plant Mol Biol 15:373-381), the ubiquitin pro- 
moter (Holtorf S et al, (1995) Plant Mol Biol 29:637-649) and other transcription initia- 
tion regions from various plant genes known to those of skill in the art. Useful promot- 
ers for plants also include those obtained from Ti-or Rl-plasmids, from plant cells, plant 
viruses or other organisms whose promoters are found to be functional in plants. Bac- 

40 terial promoters that function in plants, and thus are suitable for use in the methods of 
the Invention Include the octopine synthetase promoter, the nopaline synthase pro- 
moter, and the mannopine synthetase promoter. Suitable endogenous plant promoters 
include the ribulose-1,6-biphosphate (RUBP) carboxylase small subunit (ssu) promoter, 
the a-conglycinin promoter, the phaseolin promoter, the ADH promoter, and heat- 

45 shock promoters. Further preferred constitutive promoters are the nitrilase promoter 
from Arabidopsis thaliana (WO 03/008596) and the Pisum sativum pbcA promoter (e.g., 
as incorporated in the constnjct described by SEQ ID NO: 16; base pair 1866 - 2728, 
complementary orientation). 
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Of course, promoters can regulate expression all of the time in only one or some tis- 
sues. Alternatively, a promoter can regulate expression in all tissues but only at a spe- 
ciflc developmental time point. As noted above, the excision prornoter (1 e.. the pro- 
moter that is linked to the sequence-specific DNA cleaving polynucleotide) is generally 

5 not constitutive, but instead is active for only part of the life cycle or at least one tissue 
of the transgenic organism. One can use a promoter that directs expression of a gene 
of Interest in a specific tissue or Is othenwise under more precise environmental or de- 
velopmental control. Examples of environmental conditions that may affect ti^nscnption 
by inducible promoters include pathogen attack, anaerobic conditions, ethylene or the 

10 presence of light. Promoters under developmental control include promoters that initi- 
ate transcription only In certain tissues or organs, such as leaves, roots, frurt seeds, or 
flowers, or parts thereof. The operation of a promoter may also vary depending on its 
location in the genome. Thus, an inducible promoter may become fully or partially con- 
stitutive in certain locations. 

Examples of tissue-specific plant promoters under developmental control include pro- 
moters that Initiate transcription only in certain tissues, such as fruit, seeds, flowers, 
anthers, ovaries, pollen, the meristem, flowers, leaves, stems, roots and seeds. The 
tissue-specific ES promoter from tomato is particularly useful for directing gene expres- 
20 sion so that a desired gene product is located In fruits See e 9-. Lincoln et al_ (1988) 
Proc Natl Acad Scl USA 84:2793-2797; Deikman et al. (1988) EMBO J 7.3315-3320 . 
Delkman et al. (1992) Plant Physiol 100:2013-2017. Other suitable seed specific pro- 
moters include those derived from the following genes: MAC1 from maiff »f "'^^^ f 
al (1996) Genetics 142:1009-1020, Cat3 from maize (GenBank No. L05934, Ableretal. 
ofi M993^ Plant Mol Biol 22:10131-1038, the gene encoding oleosin 18kD from maize 
G?nlnk No m Lee et al. (1994) Plant Mol Biol 26:1981-1987). viviparous-l 
from Arabidopsis (Genbank No. U93215). the gene encoding o'eosin from Arabidopsis 
(Genbank No. Z17657). Atmycl from Arabidopsis (Urao et al. (1996) Plant Mol Bio 
32-571-676 the 2s seed storage protein gene family from Arabidopsis (Conceicao et 
30 arf1994) Plant 5:493-505) the gene encoding oleosin 20k.D from Brassica napus 
(GenBank No. M63985). napin from Brassica napus (GenBank No. J02798. Josefeson 
et al (1987) J. Biol. Chem. 262:12196-12201). the napin gene family (e.g.. from Bras- 
sica napus Sjodahl et al. (1995) Planta 197:264-271, US 5.608.152; Stalberg K. et al. 
(1996) L Planta 199: 515-519), the gene encoding the 2S storage protein from Bras- 
35 sica napus (Dasgupta et al. (1993) Gene 133: 301-302). the genes encoding oleosin A 
(Genbank No. U091 18) and oleosin B (Genbank No. U091 19) from soybean, the gene 
encoding low molecular weight sulphur rich protein from soybean (Choi et al. (1995) 
Mol Gen Genet 246:266-268). the phaseolln gene (US 5,504.20a Bus tos MM et aL 
Plant Cell 1989;1(9):839-53). the 2S albumin gene (Joseffson LG et al.(1987) J Biol 
40 Chem 262: 12196-12201), the legumln gene (Shirsat A et al. (1989) ^^"J^f"?, 
215(2)-326-331) the USP (unknown seed protein) gene (Baumlein H et ai. (laai) wioi 
Gen Genetics 225(3):459-67). the sucrose binding protein gene <WO 00^6388) the 
legumln B4 gene (LeB4; Baumlein H etal. (1991) Mol Gen Genet 225:121- 28; Bae- 
umlein et al (1992) Plant J 2(2):233.239; Fiedler U et al. (1995) Biotechnology (N>0 
45 13(10):1090-1093). the Ins Arabidopsis oleosin gene (W09845461). the Brassica Bce4 
gene (WO 91/13980). genes encoding the "hlgli-molecular-weight glutenin (HMWG). 
gliadin branching enzyme, ADP-glucose pyrophosphatase (AGPase) or starch syn- 
thase Furthermore preferred promoters are those which enable seed-specific expres- 
Son in monoXsu^ as mai^e. barley, wheat, rye. rice and the like. Promoters which 
50 may advantageously be employed are the promoter of the Ipt2 or Ipti gene 
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(WO 95/15389. WO 95/23230) or the promoter described in WO 99/16890 (promoters 
gene, therein gene, the kasirin gene or the secalin gene). negnaain 

' ^ ^T^^ promoters are, for example, specific promoters for tubera. storage 

roots or roo s such as. for example, the class I patatin promoter (B33). the potato 
ca^hepsin D .nh b.tor promoter, the starch synthase (GBSS1) promoter or the sporam n 

pZ^^ipX Z^ """^ ^' fruit-speclfic 

10 

Promoters which are furthermore suitable are those which ensure leaf-specific expres- 
J^A,^ "^"^ ""^y mentioned are the potato cjrtosolic FBPase promoter 

O^O 98/18940). the Rublsco (ribuIose-I.S-bisphosphate carboxylase) SSU fsmTsut 
15 Bm 2^r^%u°nt^ l""""-^' (Stockhaus et al. (1989) EMBO J 

fS^^stSX^mJ^^^^^^^ ^^^^"^ -P--^- 

Further suitaWe promoters are. for example, fruit-maturation-specific promoters such 
as. for example, the tomato fruit-maturation-specific promoter (WO 94/21794) flower- 

0^0 92/16635) or the promoter of the P-rr gene (WO 98/22593) or another node- 
n^r^f/ ""^^T "^"^^ ^^'^ 249676 may be used advantageously. The 
^^TtZ^^ ^'^^^ ^ P-th-speclflc promoter, such as the promoter isllated from a 
plant TrpA gene as descnbed in WO 93/07278. A development-regulated promoter is 

S?I)f255 6^ ^"^^ '"'^PP^ <'^^2> P'^n° MofLloi 

Other prefen-ed promoters are promoters induced by biotic or abiotic stress such as 

Biol 1993 22 361-366). the tomato heat-inducible hspSO promoter (US 5,187.267) the 
potato chill-inducible alpha-amylase promoter (WO 96/12814) or the wound-Induced 
pinll promoter (EP376091). wwuna maucea 

Promoters may also encompass fUrther promoters, promoter elements or minimal pro- 
.rnoters capable of modifying the expression-specific characteristics. Thus for example 
^e tissue-specific expression may take place in addition as a function of certain stres^ 
r""^ . ° sequences. Such elements are. for example de- 

lJ^c^vi7iT%'yfoT' fu''^^''' ^"'^ ^'■^'^ ^ ^"^ ^'^"^ (1991) J Biol Chem 

40 T^S^lln2:m46^£;' '''' " '''''' ^ 

The term "operable linkage" or "operably linked" is to be understood as meaning for 
example, the sequential arrangement of a regulatory element (e.g. a promoter) with a 
nucleic acid sequence to be expressed and, if appropriate, further regulatory elements 
n,"^ -^f «f . a terrninator) in such a way that each of the regulatory elements can ful- 
fill Its intended function to allow, modify, facilitate or othenwise influence expression of 
said nucleic acid sequence. The expression may result depending on the arrangement 
of the nucleic acid sequences in relation to sense or antisense Rh4A. To this end, direct 
linkage in the chemical sense is not necessarily required. Genetic control sequences 
so such as. for example, enhancer sequences, can also exert their function on the target 



35 
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sequence from positions which are further away, or Indeed from other DNA molecules. 
Preferred arrangements are those in which the nucleic acid sequence to be expressed 
recombinantly is positioned behind the sequence acting as promoter, so that the two 
sequences are linked covalently to each other. The distance between the promoter 
5 sequence and the nucleic acid sequence to be expressed recombinantly is preferably 
less than 200 base pairs, especially preferably less than 100 base pairs, very espe- 
cially preferably less than 50 base paire. Operable linkage, and an expression con- 
struct» can be generated by means of customary recombination and cloning techniques 
as described (e.g., in Maniatis 1989; Sllhavy 1984; Ausubel 1987; Gelvin 1990). How- 

10 ever, further sequences which, for example, act as a linker with specific cleavage sites 
for restriction enzymes, or as a signal peptide, may also be positioned between the two 
sequences. The insertion of sequences may also lead to the expression of fusion pro- 
teins. Preferably, the expression construct, consisting of a linkage of promoter and nu- 
cleic acid sequence to be expressed, can exist in a vector-integrated fomri and be in- 

1 5 serted Into a plant genome, for example by transformation. 

The tenns ''polypeptide", **peptide", "oligopeptide", "polypeptide", "gene product", "ex- 
pression product" and "protein" are used interchangeably herein to refer to a polymer 
or oligomer of consecutive amino acid residues. 

20 

Preferably, the term "isolated" when used in relation to a nucleic acid, as in "an isolated 
nucleic acid sequence" refers to a nucleic acid sequence that Is identified and sepa- 
rated from at least one contaminant nucleic acid with which it is ordinarily associated in 
its natural source. Isolated nucleic acid is nucleic acid present in a form or setting that 

25 is different from that in which it is found in nature. In contrast, non-isolated nucleic ac- 
ids are nucleic adds such as DNA and RNA which are found in the state they exist in 
nature. For example, a given DNA sequence (e.g., a gene) is found on the host cell 
chromosome In proximity to neighboring genes; RNA sequences, such as a specific 
mRNA sequence encoding a specific protein, are found in the ceil as a mixture with 

30 numerous other mRNAs which encode a multitude of proteins. However, an isolated 
nucleic acid sequence comprising SEQ ID N0:1 includes, by way of example, such 
nucleic acid sequences in cells which ordinarily contain SEQ ID NO:1 v^ere the nu- 
cleic acid sequence is In a chromosomal or extrachromosomal location different from 
that of natural cells, or is otherwise flanked by a different nucleic acid sequence than 

35 that found in nature. The Isolated nucleic acid sequence may be present in single- 
stranded or double-stranded form. When an isolated nucleic acid sequence is to be 
utilized to express a protein, the nucleic add sequence will contain at a minimum at 
least a portion of the sense or coding strand (/.e., the nucleic acid sequence may be 
single-stranded). Altematlvely, it may contain both the sense and anti-sense strands 

40 {Lb., the nucleic acid sequence may be double-stranded). 

As used herein, the term "purified" refers to molecules, either nucleic or amino acid 
sequences, that are removed from their natural environment, isolated or separated. An 
"isolated nucleic acid sequence" is therefore a purified nucleic acid sequence. "Sub- 
45 stantially purified" molecules are at least 60% free, preferably at least 75% free, and 
more preferably at least 90% free from other components with which they are naturally 
associated. 

The term 'Svlld-type", "natural" or of "natural origin" means with respect to an organism, 
50 polypeptide, or nucleic add sequence, that said organism is naturally occurring or avai- 
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available in at least one naturally occurring organism which is not changed, mutated, or 
otherwise manipulated by man. 

'Transgene", ^Iransgenic" or "recombinant" refers to an polynucleotide manipulated by 
5 man or a copy or complement of a polynucleotide manipulated by man. For instance, a 
transgenic expression cassette comprising a promoter operably linked to a second 
polynucleotide may include a promoter that is heterologous to the second polynucleo- 
tide as the result of manipulation by man (e.g., by methods described In Sambrook et 
al, Molecular Cloning-A Laboratory Manual, Cold Spring Harbor Laboratory, Cold 

10 Spring Harbor, New York, (1989) or Current Protocols in Molecular Biology Volumes 1- 
3, John Wiley & Sons, inc. (1994-1998)) of an Isolated nucleic acid comprising the ex*- 
pression cassette* In another example, a recombinant expression cassette may com- 
prise polynucleotides combined in such a way that the polynucleotides are extremely 
unlikely to be found in nature. For instance, restriction sites or plasmid vector se- 

15 quences manipulated by man may flank or separate the promoter from the second 
polynucleotide. One of skill will recognize that polynucleotides can be manipulated in 
many ways and are not limited to the examples above. 

The terni ^'transgenic" or "recombinant'' when used in reference to a cell refers to a cell 
20 which contains a transgene. or whose genome has been altered by the introduction of 
a transgene. The term ^transgenic" when used in reference to a tissue or to a plant 
refers to a tissue or plant, respectively, which comprises one or more cells that contain 
a transgene, or whose genome has been altered by the introduction of a transgene. 
Transgenic cells, tissues and plants may be produced by several methods including the 
25 introduction of a "transgene" comprising nucleic acid (usually DNA) into a target cell or 
integration of the transgene into a chromosome of a target cell by way of human inter- 
vention, such as by the methods described herein. 

The term "transgene" as used herein refers to any nucleic acid sequence which is in- 

30 troduced into the genome of a cell by experimental manipulations. A transgene may be 
an "endogenous DNA sequence," or a "heterologous DNA sequence" {Le., '"foreign 
DNA"). The term "endogenous DNA sequence'* refers to a nucleotide sequence which 
Is naturally found in the cell into which it is Introduced so long as it does not contain 
some modification (e.g., a point mutation, the presence of a selectable marker gene, 

35 etc.) relative to the naturally-occurring sequence. The term "heterologous DNA se- 
quence" refers to a nucleotide sequence which is ligated to. or is manipulated to be- 
come ligated to, a nucleic acid sequence to which it is not ligated in nature, or to which 
it is ligated at a dHferent location in nature. Heterologous DNA is not endogenous to the 
cell into which it is introduced, but has been obtained from another cell. Heterologous 

40 DNA also includes an endogenous DNA sequence which contains some modification. 
Generajly, although not necessarily, heterologous DNA encodes RNA and proteins that 
are not normally produced by the cell into which it is expressed. Examples of heterolo- 
gous DNA Include reporter genes, transcriptional and translational regulatory se- 
quences, selectable marker proteins (e.g., proteins which confer drug resistance), etc. 

45 Preferably, the term transgenic** or "recombinant" vAh respect to a regulatory se- 
quence (e,g„ a promoter of the invention) means that said regulatory sequence is co« 
valentiy joined and adjacent to a nucleic acid to which it is not adjacent in its natural 
environment. 

50 The term '"foreign gene" refers to any nucleic acid (e.g., gene sequence) y^fhich is intro- 
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duced into the genome of a cell by experimental manipulations and may include gene 
sequences found in that cell so long as the introduced gene contains some modifica- 
tion (e.g., a point mutation, the presence of a selectable marker gene, efc.) relative to 
the naturally^occurring gene. 

Preferably, the term ^iransgene" or transgenic'' with respect to. for example, a nucleic 
acid sequence (or an organism, expression construct or vector comprising said nucleic 
acid sequence) refers to all those constructs originating by experimental manipulations 
in which either 

a) said nucleic acid sequence, or 

b) a genetic control sequence finked operably to said nucleic acid sequence a), for 
example a promoter, or 

c) (a) and <b) 



is not located in its natural genetic environment or has been modified by experimental 
manipulations, an example of a modification being a substitution, addition, deletion, 

20 inversion or insertion of one or more nucleotide residues. Natural genetic environment 
refers to the natural chromosomal locus in the organism of origin, or to the presence in 
a genomic library. In the case of a genomic library, the natural genetic environment of 
the nucleic acid sequence is preferably retained, at least in part. The environment 
flanks the nucleic acid sequence at least at one side and has a sequence of at least 

25 50 bp, preferably at least 500 bp, especially preferably at least 1000 bp, very especially 
preferably at least 5000 bp, in length. A naturally occurring expression construct - for 
example the naturally occun'Ing combination of a promoter with the corresponding gene 
- becomes a transgenic expression construct when it is modified by non-natural, syn- 
thetic "artificial" methods such as, for example, mutagenization. Such methods have 

30 been described (US 5,565,350; WO 00/15815). 

"Recombinant" polypeptides or proteins refer to polypeptides or proteins produced by 
recombinant DMA techniques, i.e., produced from cells transformed by an exogenous 
recombinant DMA construct encoding the desired polypeptide or protein. Recombinant 
35 nucleic acids and polypeptide may also comprise molecules which as such does not 
exist In nature but are modified, changed, mutated or otherwise manipulated by man. 

The term *'genetically-modified organism" or "GMO" refers to any organism that com- 
prises transgene DMA. Exemplary organisms include plants, animals and microorgan- 
40 isms. 

The terms "heterologous nucleic acid sequence" or "heterologous DMA" are used inter- 
changeably to refer to a nucleotide sequence which is Hgated to a nucleic acid se- 
quence to which it is not ligated in nature, or to which it is ligated at a different location 
45 in nature. Heterologous DNA is not endogenous to the cell into which it is introduced, 
but has been obtained from another cell. Generally, although not necessarily, such 
heterologous DNA encodes RNA and proteins that are not normally produced by the 
cell into which it is expressed. 

50 The term "cell" or **plant cell" as used herein refers to a single cell. The tenn "cells" re- 
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^^^J P'^pulation of cells. The population may be a pure population comprisinq one 
cen type. Likewise, the populatfon may comprise more than one cell type ?n the ere 

5 ZSfn? „f th^ synchronize or not synchronfeed. A plant c^i, 

a nS«^ '°" '"^y 'n suspension culture) or comprised in 

a plant tissue, plant organ or plant at any developmental stage. 

mlrn.H-'^.rJ Tn'^^^l'^i" ^ P'^"* ■'P'^"* ^^S^"") '"^^^^ P^rts of a plant and 
in """^ *°> f^"* ®'<3'"Pte foots, fruits, shoots stem leaves 

10 anthers, sepals, petals, pollen, seeds, efc. ' 

tw! TH- '^Tf *° ^ P'^"* "P'^"* «^^"^''> '"^^"s arrangement of mul- 

tiple plant cells including differentiated and undifferentiated tissues of plants Plant tis 
15 -^^oon-f-te part of a plant organ (e.g.. the epidermis of a may 

15 also cons itute tumor tissues (e.g.. callus tissue) and various types of cells n cuJl^ 
(e.g.. single cells, protoplasts, embryos. calJi. protoconn-like bodies, etc) Plant tissue 
may be ,n planta. In organ culture, tissue culture, or cell culture. 

The terni "expression" refers to the biosynthesis of a gene product. For example In the 

mRNA .^'^"'T'' .f '"^""^^^ transcription' of the stm^ene into 

m^A and - optionally - the subsequent translation of mRlMA Into one or more po"^^ 

to J^l ^TTr "*'^"^*^°7"f °"" used herein refers to the Introduction of genetic material 
10 (e.^ a transgene) into a cell. Transfomiation of a cell may be stable or transit The 
temi "transient transformation" or "transiently transfomied'' refers to the irSodSon of 
thThosS ^•■^"^^"^'"t^ - the absence of integration 5 the Tansgene nto 
the host cell's genome. Transient transformation may be detected by for examole en 

may be detected Z"Z.T^ ^ the transgenes. Alternatively, transient transfomS^"^ 
may be detected by detecting the activity of the protein (e.g.. (3-glucuronldase) encoded 
by the transgene (e.g.. the uld A gene) as demonstrated h^ein l^g H^yth^^Sl 

the p^^en^^o^?^^^^^ ^'"^'^ ^-^'"^ ^'-^ - l^ecSt 

the presence of the QUS enzyme; and a chemiluminescent assay of GUS enzyme ac- 

t'^/ty "s,ng the GUS-Llght kit (Tropix)]. The tern, "transient transformart" refei H Si 

which has transiently Incorporated one or more transgenes. In cont^i ^e te^ ' 

ble transfonnation" or "stably transfomied" refers to the introduction and inteSon of 

one or more transgenes into the genome of a cell, preferably resulting in Sosoma 

> ZJ^^^"^T l*'''If '^^"^^'^"''^ '^"'^9'^ Stable transfom.a?ion of a ^eltrav 

> be detected by Southern blot hybridization of genomic DMA of the cell with nCclefc adJ 

tive^ stable transformation of a cell may also be detected by the polymerase chain 

t JnSrnnlnt" r^^^^ toT Tl't'^' ^^"^^^"^ sequLes.lTte^b^ 

transformant refers to a cell which has stably integrated one or more transaenes into 

the genomic DNA. Thus, a stable transformant is distinguished frora tSns^^^^ 
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formant in that, whereas genomic DNA from the stable transformant contains or^e or 
more transgenes, genomic DNA from the transient transformant does not contain a 
transgene. Transformation also indudes introduction of genetic material into plant cells 
in the form of plant viral vectors involving epichromosomal replication and gene ex- 
5 pressfon which may exhibit variabie properties wth respect to meiotic stability. 

The terms "infecting" and 'Infection" with a bacterium refer to co-incubation of a target 
biological sample, (e.g.. cell, tissue, efc.) with the bacterium under conditions such that 
nucleic acid sequences contained within the bacterium are introduced into one or more 
1 0 cells of the target biological sample. 

The temi "Agrobacteriunf' refers to a soil-borne, Gram-negative, rod-shaped 
phytopathogenic bacterium whic^ causes crown gall. The term "Agrobacterium" 
indudes, but is not limited to. the strains Agrvbacterium tumefaciens, (which typically 

15 causes crown gall in infected plants), and Agrvbacterium rhizogenes (which causes 
hairy root disease in infected host plants). Infection of a plant cell with Agrobacterium 
generally results in the production of opines (e.g., nopaline, agropine, octopine etc.) by 
the infected ceil. Thus, AgrobBcterium strains which cause production of nopaline (e.g., 
strain LBA4301, C58. A208) are referred to as "nopaline-type" Agrobacteria; 

20 Agrobacterium strains which cause production of octopine (e.g.. strain LBA4404, Ach5, 
B6) are refenred to as "octopine-type" Agrobacteria\ and Agrobacterium strains which 
cause production of agropine (e.g., strain EHA105, EHA101, A281) are referred to as 
"agroplne-type" Agrobacteria. 

25 The terms "bombarding, **bombardment," and "biolistic bombardment" refer to the 
process of accelerating particles towards a target biological sample (e.gr., cell, tissue, 
etc) to effect wounding of the cell membrane of a cell in the target biological sample 
and/or entry of the particles into the target biological sample. Methods for biolistic bom- 
bardment are known In the art (e.g., US 5,584,807, the contents of which are herein 

30 incorporated by reference), and are commercially available (e.g., the helium gas-driven 
microprojectile accelerator (PDS-1000/He) (BioRad). 

The term "microwounding" when made in reference to plant tissue refers to the intro- 
duction of microscopic wounds in that tissue. Microwounding may be achieved by, for 
35 example, particle bombardment as described herein. 

The terms "homology" or "identity" when used in relation to nucleic acids refers to a 
degree of complementarity. Homology or identity between two nucleic acids is under- 
stood as meaning the identity of the nucleic acid sequence over in each case the entire 
40 length of the sequence, which is calculated by comparison with the aid of the program 
algorithm GAP (Wisconsin Package Version 10.0, University of Wisconsin, Genetics 
Computer Group (GCG), Madison, USA) with the parameters being set as follows: 



45 



Gap Weight: 1 2 Length Weight: 4 

Average Match: 2,912 Average Miamatch:-2,003 



For example, a sequence with at least 95% homology (or identity) to the sequence 
SEQ ID NO, 1 at the nucleic acid level is understood as meaning the sequence which, 
50 upon comparison with the sequence SEQ ID NO, 1 by the above program algorithm 



10 



15 
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with the above parameter set. has at least 95% homology. There may be oaftiai ho 
iSfty ij'lSo%r' °' '"""^'^'^ C^e.. complete 

Alternatively, a partially complementary sequence is understood to be one that at least 
partially inhibits a completely complementary sequence from hybridizing to a taraet 
?h I ts ^"^Jl^^f®"-^^ '^sing the functional term "substantially homologous." 
The inhibition of hybndization of the completely complementary sequence to the taraet 
sequence may be examined using a hybridization assay (Southern or Northern blot 
solution hybridization and the like) under conditions of low stringency. A substantially 
homologous sequence or probe {i.e., an oligonucleotide which is capable of hybrldizina 
to another oligonucleotide of interest) will compete for and inhibit the binding {/e the 
hybndization) of a completely homologous sequence to a target under conditions of low 
stnngency This is not to say that conditions of low stringency are such that non- 
specific binding is pemiitted; low stringency conditions require that the bindina of two 
sequences to one another be a specific {Lb., selective) interaction. The absence of 
non-specific binding may be tested by the use of a second target which lacks even a 
partial degree of complementarity {e.g., less than about 30% identity); in the absence 
20 target"^ ^^"^ """" non-complementary 

When used in reference to a double^tranded nucleic acid sequence such as a cDNA 
or genomic clone, the term "substantially homologous" refers to any probe which can 
y^t""^ either or both strands of the doubie-stranded nucleic acfd sequent un?er 
25 conditions of tow stnngency as described infra. When used in reference to a single- 
stranded nucleic acid sequence, the temi "substantially homologous" refera to any 
probe which can hybridize to the single-stranded nucleic acid sequence under condi- 
tions of low stnngency as described infra. 

30 The term "hybridization" as used herein includes "any process by which a strand of 
nucleic acid joins with a complementary strand through base pairing." (Coombs 1994) 
Hybndi^tion and the strength of hybridization (i.e. the strength of the association b^ 
hveen the nucleic acids) is impacted by such factors as the degree of complementarity 

K 5!u""5®Jf ^*""9®"°y °f the conditions involved, the Tm of the fomied 

35 hybnd, and the G:C ratio within the nucleic acids. 

As used herein, the temi "Tm" is used in reference to the "melting temperature " The 
melting temperature is the temperature at which a population of double-stranded nu- 
cleic acid molecules becomes half dissociated into single strands. The equation for 
40 calculating the Tm of nucleic acids is well known in the art. As indicated by standard 

?I-ft??*nf./t"'f!V?*'T*^ °^ ^"^ ^^'"^ ""^^ calculated by the equation: 
■ ''^-°'-5+0'41(% G+C). when a nucleic acid is in aqueous solution at 1 M NaCI [see 

f '^ " Quantitative Filter Hybridization, in Nucleic Acid Hybridiza- 

ton (1985)]. Other references include more sophisticated computations which take 
45 structural as well as sequence characteristics Into account for the calculation of Tm. 

Low stringency conditions when used in reference to nucleic acid hybridization com- 
2i"»^?"® equivalent to binding or hybridization at 68»C. in a solution consisting 
«n f >. fu K^^J^^^-^ ^ ® ^ NaH2P04.H20 and 1 .85 g/L EDTA. pH adjusted to 

50 7.4 with NaOH). 1% SDS. 6x Denhardfs reagent [50x Denhardt's contains the ollovSng 
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per 500 mL: 5 g Ficoll (Type 400, Pharmacia), 5 g BSA (Fraction V; Sigma)! and 100 
ug/mL denatured salmon sperm DNA followed by washing in a solution compnsing 
0.2X SSPE, and 0.1% SDS at room temperature when a DNA probe of about 100 to 
about 1000 nucleotides in length is employed. 

^ High stringency conditions when used In reference to nucleic acid hybridization com- 
prise conditions equivalent to binding or hybridization at 68° C. in a solution consisting 
of 5x SSPE. 1% SDS. 5x Denhardfs reagent and 100 pg/mL denatured salmon spemn 
DNA followed by washing in a solution comprising 0.1x SSPE, and 0.1% SDS at 68° C. 

1 0 when a probe of about 1 00 to about 1000 nucleotides in length is employed. 

The term "equivalent" when made in reference to a hybridization condition as it relates 
to a hybridization condition of interest means that the hybridization condition and the 
hybridization condition of interest result in hybridization of nucleic acid sequences 

IS which have the same range of percent (%) homology. For example, if a hybridization 
condition of interest results In hybridization of a first nucleic acid sequence with other 
nucleic acid sequences that have from 80% to 90% homology to the first nucleic acid 
sequence, then another hybridization condition is said to be equivalent to the hybndiza- 
tion condition of interest if this other hybridization condition also results in hybridization 

20 of the first nucleic acid sequence with the other nucleic acid sequences that have from 
80% to 90% homology to the first nucleic acid sequence. 

When used in reference to nucleic acid hybridization the art knows well that numerous 
equivalent conditions may be employed to comprise either low or high stnngency 

25 conditions; factors such as the length and nature (DNA, RNA. base composition) of the 
probe and nature of the target (DNA. RNA. base composition, present in solution or 
immobilized, etc.) and the concentration of the salts and other components (e.g., the 
presence or absence of fomiamide. dextran sulfate, polyethylene glycol) are consid- 
ered and the hybridization solution may be varied to generate conditions of either low 

30 or high stringency hybridization different from, but equivalent to, the above-listed condi- 
tions Those skilled in the art know that whereas higher stringencies may be preferred 
to reduce or eliminate non-specific binding, lower stringencies may be preferred to de- 
tect a larger number of nucleic acid sequences having different homologies. 

35 DETAILED DESCRIPTION OF THE INVENTION 

Accordingly, a first embodiment of the invention relates to a method for preventing 
and/or suppressing growth of transgenic plants, which were grown on a field, in subse- 
quent seasons among a population of other plants on said field or neighboring fields 
40 comprising the steps ot 

i) providing seeds of a transgenic plant comprising at least one first expression cas- 
sette comprising a nucleic acid sequence encoding a D-amIno acid oxidase opera- 

" biy linked with a promoter allowing expression In plants. In combination with at least 
45 one second expression cassette suitable for conferring to said plant an agronomi- 
cally valuable trait, and 

ii) in a first season sowing said seeds on a field, growing said transgenic plants, and 
harvesting the resulting plant products, 

50 
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ill) providing at least one compound M, which is non-phytoto>»c or moderately phyto- 
toxic against plants not comprising a transgenic expression cassette for a D-amfno 
acid oxidase, wherein said compound M can be metabolized by said D-amino acid 
oxidase into one or more compound(s) N which are phytotoxrc or more phytotoxic 
5 than compound M, and 

iii) in a subsequent season preventing and/or suppressing growth of said transgenic 
plants on said field or neighboring fields or areas, where other plants are grown or 
growing not comprising a transgenic expression cassette for a D-amino add oxi- 
10 dase, by treating said fields or areas with said compound M in a concentration, 
which is non-phytotoxio against said other plants, but which is « in consequence of 
the metabolization into compound(s) N - phytotoxic against said transgenic plants 
thereby selectively preventing or suppressing growth of said transgenic plants. 

15 This invention discloses the use of D-amino acid oxidases (DAAO, EC 1.4.3.3) for con- 
trolling growth of transgenic plants. DAAO marker can be employed for both negative 
selection and counter-selection, depending on the substrate used. DAAO catalyzes the 
oxidative deamination of a range of D-amino acids (Alonso J et ai (1998) Microbfof, 
144, 1095-1101). ThuSp the D-amino add oxidase constitutes a dual-function marker. 

20 The marker has been successfully established in Arabidopsis thaliana, and proven to 
be versatile, rapidly yielding unambiguous results, and allowing selection immediately 
after germination (WO 03/ 0601 33) 

Many prokaryotes and eukaryotes metabolize D-amino adds (Pilone MS (2000) CelL 
25 Mol. Life. Sci. 57, 1732-174), but current infonnatlon suggests that D-amino add me- 
tabolism is severely restricted in plants. However, studies of amino acid transporters in 
plants have shown that several of these proteins may mediate the transport of both L- 
and D-enantiomers of amino adds, although the latter usually at lower rates (Frbmmer 
WB et al. (1995) Proa. Natl. Acad. Sci. USA 92, 12036-12040; Boorer KJ et sL (1996) 
30 J. BioL Chem. 271, 2213-22203). These findings imply that plants absorb D-amino 
acids but metabolize few if any D-amino adds. D-amino acid catabolism follows several 
routes, one of the most common being oxidative deamination (Pilone MS (2000) Ce//. 
MoL Life. ScL 57, 1732-1742). The natural occurrence of D-amino acids in plants Is 
generally low, with measurable levels of D-alanine, D-serine, D-glutamine and D- 
35 asparagine but no detectable levels of D-valine and OHSOleucine (Bruckner H & West- 
hauser T (2003) Amino acids 24, 43-55), Hence, the amount and nature of substrates 
that DAAO may engage under natural conditions would not cause negative effects on 
plants. 

40 In another preferred embodiment the second (non-phytotoxic, but metabolizabte into 
phytotoxic) compound M is preferably selected from the group consisting of D- 
isoleudne, D-valine, D-asparagine, D-leudne. D-lysine, D-proline, and D-^lutamlne, 
and derivatives thereof In contrast to D-amino adds like D-serine and D-alanine, other 
D-amino adds like D-valine and D-isoleucine, which are not toxic to wild-type plants, 

45 have a strong negative influence on the growth of plants expressing DAAO (Fig. 4c,d). 
The findings that DAAO expression mitigated the toxicity of D-serine and D-alanine, but 
induced metabolic changes that made D-isoIeucine and D-valine toxic, demonstrate 
that the enzyme could provide a substrate-dependent, dual-function, selectable marker 
in plants. Selection is based on differences in the toxicity of different D-amino adds and 

50 jtheir metabolites to plants. Thus, D-alanine and D-serine are toxic to plants, but are 
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metabolized by DAAO into nontoxic products^ whereas D-rsoleucine and D-valine have 
low toxicity, but are metabolized by DAAO into the toxic keto acids 3-methyl-2- 
oxopentanoate and 3-methyl-2-oxobutanoate, respectively. Hence, both positive and 
negative selection is possible with the same marker gene, which is therefore consid- 
5 ered a dual^function marker. 

It is an additional advantage of the invention that the Diamine acid oxidase can not 
only be employed to prevent or suppress growth of transgenic plants but ^ due to fts 
functionality as a dual-function marker - can also be utilized during the transformation 

10 procedure as a negative selection marker for the production of the transgenic plant 
This makes incorporation of additional marker sequences (e.g., for antibiotic or 
herbicide resistance) oblivious. For its use as a negative selection marker for example 
D-alanine, D-serine. and derivatives thereof may be employed. The toxicity of D-amino 
acids like e.g., D-serine and D-alanine can be alJeviated by the insertion of a gene 

IS encoding an enzyme that metabofees D-amino acids (e.g„ the cfao^ gene from the 
yeast Rhodotorula gracilis). Exposure of this transgenic plant to D-alanine or D-serlne 
showed that it could detoxify both of these D-amino acids. 

i. The D-amino acid oxidase marker of the invention 

20 

The temn D-amino add oxidase (abbreviated DAAO. DAMOX» or DAD) is refen-ing to 
the enzyme coverting a Diamine acid into a 2-oxo acid, by - preferably - employing 
Oxygen (O2) as a substrate and producing hydrogen peroxide (H2O2) as a co-product 
(Dixon M & Kleppe K. (1965) Biochim. Biophys. Acta 96:367-367; Dixon M & Kleppe K 
25 Biochim. Biophys. Acta 96 (1965) 368-382; Dixon M & Kleppe Biochim, Biophys, Acta 
96 (1965) 363-389; Massey V et al (1961) Biochim. Biophys, Acta 48:1-9. Meister A & 
Wellner D Flavoprotein amino acid oxidase. In: Boyer, P.O., Lardy, H. and Myriback, K. 
(Eds.), The Enzymes, 2nd ed., vol. 7. Academic Press. New York, 1963, p. 609-^48.) 

30 DAAO can be described by the Nomenclature Committee of the International Union of 
Biochemistry and Molecular Biology (lUBMB) with the EC (Enzyme Commission) num- 
ber EC 1.4.3.3. Generally an DAAO enzyme of the EC 1.4,3.3. class is an FAD fla- 
voenzyme that catalyzes the oxidation of neutral and basic D-amino acids into their 
corresponding keto acids. DAAOs have been characterized and sequenced in fungi 

35 and vertebrates where they are known to be located in the peroxisomes. The term D- 
amino oxidase further comprises D-aspartate oxidases (EC 1 A3.1) (DASOX) )(Negn A 
et al. (1992) J Biol Chem. 267:11866-11871), which are enzymes structurally related to 
DAAO catalyzing the same reaction but active only toward dicarboxylic D-amino acids. 
Within this invention DAAO of the EC 1.4.3.3. class are preferred. 

40 

fn DAAO, a conserved histidine has been shown (Miyano M et al (1991) J Biochem 
109:171-177) to be importiant for the enzyme's catalytic activity. In a preferred em- 
bodiment of the Invention a DAAO Is referring to a protein comprising the following 
consensus motive: 

45 

[LIVM]-[UVM]-H*-INHA]-Y-G-X-[GSA]-[GSA]-x-G-X5-G^x-A 

wherein the amino acid residues given in brackets represent alternative residues for 
the respective position, x represents any amino acid residue, and indices numbers 
50 indicate the respective number of consecutive amino acid residues. The abbreviation 
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for the individual amino acid residues have their standard lUPAC meaning as definec 
above, A Clustal multiple alignment of the characteristic active site from various D- 
amino acids is shown in Fig, 5, Further potential DAAO enzymes comprising said motif 
are described in table below: 



Acc,-No. 


Gene Name 


Description 


Source Organism 


Length 


Ql95o4 


r 1 8c3.7 


Putative D-amino acid oxi- 

case (tiC 1 .4.3,3) (DAMOX) 
(DAO) (DAAO) 


Caenorhat>ditis elegans 


334 


P24552 




D-amlno acid oxidase (EC 
1,4,3.3) (DAMOX) (DAO) 
(DAAO) 


Fusarium solani (subsp. 
pisi) (Nectria haemato- 
CQcca) 


361 


PI 4920 


DAO, DAMOX 


D-^mino acid oxidase (EC 
1 ,4.3.3] (DAMO)C) (DAO) 
(DAAO) 


Homo sapiens (Human) 


347 


P18694 


DAO, DA01 


D-amino acid oxidase (EC 
1.4,3.3) (DAMOX) (DAO) 
(DAAO) 


Mus musculus (Mouse) 


346 


P00371 


DAO 


D-amIno acid oxidase (EC 
1 .4.3.3) (DAMOX) (DAO) 
(DAAO) 


Sus scrofa (Pig) 


347 


P22d42 


DAO 


D-^mino acid oxidase (EC 
1.4.3.3) (DAMOX) (DAO) 
(DAAO) 


Oryctolagus cuniculus 
(Rabbit) 


347 


035078 


DAO 


D-amino acid oxidase (EC 
1.4,3.3) (DAMOX) (DAO) 
(DAAO) 


Ratius norvegicus (Rat) 


346 


P80324 ; 


DA01 


Dsamino acid oxidase (EC 
1.4.3.3) (DAMOX) (DAO) 
(DAAO) 


Rhodospoddium toni- 
loldes (Yeast) (Rhodoto- ; 
rula gracilis) 


368 


U60066 


DAO 


Diamine acid oxidase (EC 

1.4.3.3) (DAMOX) (DAO) 
(DAAO) 


Rhodosporidium toru- 
loldes, strain TCC 
26217 


368 


099042 


DA01 


D-amino acid oxidase (EC 
1.4.3.3) (DAMOX) (DAO) 
(DAAO) 


Tricionoosis i^rialiilifi 
(Veast) 


356 


P31228 


DDO 


D-aspartate oxidase (EC 

1.4.3.1) (OASOX) (DDO) 


Bos taurus (Bovine) 


341 


Q99489 


DDO 


D-aspartate oxidase (EC 
1,4.3.1) (DASO)C) (DDO) 


Homo sapiens (Human) 


341 


•Q9C1L2 


NCU06558,1 


(AF309689) putative D-amIno 
acid oxidase 0808.6 (Hypo- 
tiietical protein) 


Neurospora crassa 


362 


Q7SFW4 


NCU03131.1 


Hypothetical protein 


Neurospora crassa ] 


390 


Q8N552 : 




Similar to D-^spartate oxi- 
dase 


Homo sapiens (Human) | 


369 


Q7Z312 


DKFZP688F04272 


Hypothsticat protein 
OKFZp68eP04272 


Homo sapiens (Human) | 


330 
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Acc.-No. 


Gene Name 


Description 


Source Organism 


\ 

1 Length 


Q9VM80 


CG11238 


CG1 1236 protein (GHl2548p) 


urosopniia meianogasier 
(Fniitfly) 


341 


001739 


F20H11.6 


r 2Url1 1 .5 pfotiQin 


yT>j^Aj»in» Wal^#litig» alA^^ano 

k^aenomaDuiHS eiegans 




O45307 


C47A10.5 


C47A10.S protein 


Caanorhabditis elegans 


343 


Q8SZN5 


CG12338 


RE73481P 


Drosophila melanogaster 
(Fruit fly) 


335 


Q9VSP1 


CG12338 


CG1233a protein (RE49860P) 


Drosophila melanogaster 
(Fmitfly) 


335 


Q86JV2 




Similar to Bo6 taurus (Bo- 
vine). D-aspaitale oxidase (EC ] 
1.4.3.1) (DASOX) (DDO) 


Dictyostelium discoldeum 
(Slime moid) 


599 


Q95XG9 


Y69A2AR.6 


Fiypothetlca! protein 


Caenorhabditis elegans ] 


322 


Q7Q7e4 


AGCG53827 


AgCP5709 (Fragment) 


Anopheles gambiae sir. 
PEST 


344 


Q7PWYe 


AGCG53442 


AgCP12432 (Fragment) 


Anopheles gambiae sir. , 
PEST 


355 


Q7PWX4 


AGCG46272 


AgCP12797 (Fragment) 


Anopheles gambiae str. 
PEST 


373 


Q8PG9S 


XAC3721 


D-amino acid oxidase 


Xanthomonas axonopo- 
dia (pv. dtri) 


404 


Q6P4M9 


XCC3678 


D-amIno acid oxidase 


Xanthomonas campestris 
(pv. campestris) 


405 


Q9X7P6 


SCO6740. 
SC5F2A.23C 


Putative D-amino acid oxi- 
dase 


Streptomyces coelicolor 


320 


Q82MIB 


DAO, SAV1672 


Putative Domino acid oxi- 
daae 


Streptomyces averniitiHs 


317 


Q8VCW7 


DA01 


D-amlno acid oxidase 


Mus musculus (Mouse) 


345 


Q9Z302 




D-amino acid oxidase 


Cricetulus gnseus (Chi- 
nese hamster) 


346 


Q9Z1M5 




D-amino acid oxidase 


Cavia porcellus (Guinea 

p«g) 


347 


Q922Z0 




Similar to O-aspartate oxi- 
dase 


Mus musculus (Mouse) 


341 


Q8R2R2 




Hypothetical protein 


Mus musculus (Mouse) 


341 


P31228 




D-aspartate oxidase 


B.taurus 


341 



Tab.1: Suitable D-amino acid oxidases from various organism. Acc.-No, refers to protein se- 
quence from SwisProt database, 

D-Amino acid oxidase (EC-number 1 .4.3,3) can be Isolated from various organisms, 
including but not limited to pig, human, rat. yeast, bacteria or fungi. Example organisms 
are Candida troplcalis, Trigonopsis variabilis, Neurospora crassa, Chlorella vulgaris, 
and Rhodotorula gracilis. A suitable D-amino acid metabolising polypeptide may be an 
eukaryotic enzyme, for example from a yeast (e.g. Rhodotorula gracilis), fungus, or 
animal or It may be a prokaryotio enzyme, for example, from a bacterium such as Es- 
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metabolise D-amino acids 



are 



_Q 19564 
.P24552 



JX0152 



Caenorhabditi s elegans. Fl flg^ 7 



— J ^^i,^. f- tOC^.A , 




,Q9JXFS 



Q9Z302 



09211^5 



Neisseria menm,^if!ni|o^^^^^ 



quence (ton, SwbPK„ tfa»bM ° "Santen. accno. refera to p«te,„ ^ 

Preferably the D-amIno acW oxidase is . 



GenBanc 
Acc.-No 



usooes 



Z71657 



Organism 



A56901 



AF003339 



AF003340 



U53139 



Rhodospori dium tominides (Y easn 

Rhodotorula^ rartii^ 



RjTo dotorula gracilis 



D00809 



250019. 



NC 003421 



_Rhodospori dium toruioiriaa 
Rhodosporidium t^nn^Hp^ 
Caenorhabditis elegans 




AL939129. 
[AB042032] 



_Nectria haematococca 
Trigonopsis vari abiiis 

Streptomv^Fg L^i»../^^.oj ^ £S2SL 

Candida bniHim-; - — -- 



Candida boidlnii 



SEQ ID NO: 7. B 
SEQJDjsJO^aio 



SEQ 10 Na i1_l 9 



Tab.3: Suitable D-amino add oxidaseT ftom — I SEQ ID No-ji^jp 

quence from GenBank database "^^^^^^^^^^^^ 

DAAO is a well-cbaracterlzed enzs/n^ a«w 

melanism have been detennined brhigh^^^^^ ^^^^^ ^^^^^"''^ ^^t^'yt'c 
a/. r2000; Proc. NatL Acad, Sci. UsI 97 i^^^^^l^X ^P^^'^^^PY (Umhau S et 
he peroxisome, and its recognised funLn t t" f ' ^ ^ ^^^^^"^yme located in 
.ds (Pitone IViS (2000) CelL s3 sV detoxification of D-amino ac" 

e. oc/. 57. 1732-174). In addition, it enables yeasts 
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to use D-amino adds for growth (Yurimoto H et al. (2000) Yeast 16. 1217-1227). As 
demonstrated above, DAAO from several different species have been characterized 
and shown to differ slightly in substrate affinities (Gabler M et al. (2000) Enzyme Mi- 
cmb. Techno. 27, 605-611), but in general they display broad substrate specificity, 
5 oxidativeiy deaminating al! D-amino acids (except D-glutamate and D-aspartate for EC 
1.4.3.3. class DAAO enzymes; Pllone MS (2000) Cell. Mol Ufe. Scl 57, 1732-174). 

DAAO activity is found in many eukaryotes (Pllone MS (2000) Cell. Mol. Life. Sci. 57, 
1732-174), but there is no report of DAAO activity in plants. The low capacity for D- 

10 amino acid metabolism in plants has major consequences for the way plants respond 
to D-amino acids. For instance, the results provided herein demonstrate that grovirth of 
A thah'ana in response to D-serine and/or D-alanine is inhibited even at quite low con- 
centrations (Fig. 4a, b). On the other hand, some D-amino adds, like D-vallne and D- 
Isoleudne, have minor effects on plant growth (F^. 4c,d) per se, but can be converted 

1 5 into toxic metabolites by action of a DAAO. 

In a preferred embodiment D-amino acid oxidase expressed form the DMA-construct of 
the invention has preferably enzymatic activity against at least one of the amino acids 
selected from the group consisting of D-alanine, D-serine, D-isoleucine, D-valine, and 
20 derivatives thereof. Preferably said D-amino add oxidase is selected from the group of 
amino add sequences comprising 

a) the sequences described by SEQ ID NO: 2, 4, 6, 8. 10, 12. and 14. and 

25 b) the sequences having a sequence homology of at least 40%, preferably 60%. 

more preferably 80%, most preferably 95% with a sequence as described by SEQ 
ID NO: 2, 4. 6. 8. 10, 12, and 14, and 

c) the sequences hybridizing under low or high stringency conditions - preferably 
30 under high stringency conditions - with a sequence as described by SEQ ID NO: 2, 
4. 6. 8, 10. 12, and 14. 

Suitable D-amino acid oxidases also include fragments, mutants, derivatives, variants 
and alleles of the polypeptides exemplified above. Suitable fragments, mutants, deriva- 

35 tives, variants and alleles are those which retain the functional characteristics of the D- 
amino add oxidase as defined above. Changes to a sequence, to produce a mutant, 
variant or derivative, may be by one or more of addition, insertion, deletion or substitu- 
tion of one or more nucleotides in the nucleic acid, leading to the addition, Insertion, 
deletion or substitution of one or more amino adds in the encoded polypeptide. Of 

40 course, changes to the nudeic add that make no difference to the encoded amino acid 
sequence are induded. 

The D-amIno acid oxidase of the Invention may be expressed in the cytosol, perox- 
isome, or other intracellular compartment of the plant cell. Compartmentallsation of the 

45 D-amino acid metabolising polypeptide may be achieved by fusing the nucleic acid 
sequence encoding the DAAO polypeptide to a sequence encoding a transit peptide to 
generate a fusion protein. Gene products expressed without such transit peptides gen- 
erally accumulate in the cytosol. The localization of expressed DAAO in the perox- 
isome produces HgOz that can be metabolised by the H2O2 degrading enzyme catalase. 

50 Higher levels of D-amino acids may therefore be required to produce damaging levels 
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of H2O2. Expression of DAAO in the cytosol. where levels of catalase activity are lower 
reduces the amount of D-amino acid required to produce damaging levels H^Oa. Ex- 
pression of DAAO in the cytosol may be achieved by removing peroxisome targeting 
signals or transit peptides from the encoding nucleic acid sequence. For example, the 

. 5 dao1 gene (EC: 1.4.3,3: GenBank Acc-Nc: ueOQ66) from the yeast Rhodotorula gra- 
cilis (Rliodosporidium toruioides) was cloned as described (WO 03/060133). The last 
nine nucleotides encode the signal peptide SKL, which guides the protein to the pero- 
xisome sub-cellular organelle. Although no significant differences were observed bet- 
ween cytosolic and peroxisomal expressed DAAO, the peroxisomal construction was 

10 found to be marginally more effective than the cytosolic version in respect of inhibiting 
the germination of the DAAO transgenic plants on 30 mM D-Asn. However, both 
constructs are inhibited significantly more than the wild-type and may thus be used for 
conditional counter-selection. 

15 In another preferred embodiment the (non-phytotoxic, but metaboHzable into phyto- 
toxic) compound M ts preferably comprising a D-amino acid structure selected from the 
group consisting of D-isoleucine, D-valine. D-asparagine, D-leucine, D-lysine, D- 
proline, and D-glutamine, and derivatives thereof. Preferably, M Is comprising and/or 
consisting of D-isoleucine, D-vafine, or derivatives thereof. 

20 

There are multiple D-amino acid oxidases known in the art which may be employed 
within the method of the invention. For example the D-amino add oxidase is described 
by a sequence of the group consisting of sequences described by GenBank or Swis- 
ProtAcc.No. JX0152, 001739, 033145, 035078, O45307, P00371, P14920, P18894, 

25 P22942, P24552, P31228, P80324» Q19564. Q2B382, Q7PWX4, Q7PWY8, Q7Q7G4, 
Q7SFW4, Q7Z312, Q82MI8, Q86JV2. Q8N552, Q8P4M9, Q8PG95, Q8R2R2, 
Q8SZN5. Q8VCW7. Q921M5, Q922Z0, Q95XG9. Q99042, Q99489. Q9C1L2, 
Q9JXF8, Q9V5P1, Q9VMao. Q9X7P6, Q9Y7N4. Q9Z1M5, Q9Z302, arid U60066. 
Preferably, the D-amino add oxidase is selected from the group of amino acid se- 

30 quences consisting of 

a) the sequences described by SEQ ID NO: 2, 4, 6, 8, 10, 12, and 14« and 

b) the sequences having a sequence homology of at least 40%, preferably 60%, 
35 more preferably 80%, most preferably 95% with a sequence as described by SEQ 

ID NO: 2. 4,6. 8, 10, 12, and 14, and 

c) the sequences hybridizing under low or high stringency conditions preferably un- 
der high stringency conditions - with a sequence as described by SEQ ID NO: 2, 4, 

40 6. 8, 10. 12. and 14. 

Another embodiment of the invention is related to selective herbicidaf composition 
comprising at least one compound M, wherein M is comprising a D-amino acid struc- 
ture, preferably selected from the group consisting of D-isoleuclne. D-valine, D- 

45 asparagine, D-leuclne, D-lysine, D-proline, and D-glutamine, and derivatives thereof. In 
a preferred embodiment the selective herbicidal composition comprising at least one 
compound selected from the group consisting of D-isoleucine, D-valine, and derivatives 
thereof. An other embodiment of the invention is related to the use of a selective 
herbicidal composition of the invention to prevent or suppress unwanted growth of 

50 transgenic plants. 
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The term "combination" or "combined" with respect to the relation between the first and 
the second expression cassette is to be understood in the broad sense and is intended 
to mean any mode operation which is llnl<ing the functionality of the two expression 
cassettes. The first and the second expression cassette may be comprised in one DNA 
5 construct but may also be separate molecules. 

II. Compound M and the selective herbicldal composition 

The temi "Compound M" means one or more chemical substances (i.e. one chemical 
compound or a mixture of two or more compounds) which is non-phytotoxic or moder- 
10 ately phytotoxic against plant cells not functionally expressing said D-amino acid oxi- 
dase, and which can be metabolized by said D-amIno acid oxidase into one or more 
compound(s) N which are phytotoxic or more phytotoxic than compound M. 

The tenn "phytotoxic", "phytotoxicity'' or ''phytotoxic effect" as.used herein is intended to 
16 mean any measurable, negative effect on the physiology of a plant or plant cell result- 
ing in symptoms including (but not limited to) for example reduced or impaired growth, 
reduced or impaired photosynthesis, reduced or impaired cell division, reduced or im- 
paired regeneration (e.g., of a mature plant from a cell culture, callus, or shoot etc.). 
reduced or impaired fertility etc. Phytotoxicity may further include effects like e.g., ne- 
20 crosis or apoptosls. In a preferred embodiment results In an reduction of growth or re- 
generabllity of at least 50%, preferably at least 80%, more preferably at least 90% in 
comparison with a plant which was not treated with said phytotoxic compound. 

The term "non-phytotoxic" means that no statistically significant difference In physiology 
25 can be observed between plant cells or plants (not comprising a functional D-amino 
acid oxidase) and the same plant cells or plants treated with compound M or untreated 
plants. 

The term "moderate phytotoxic** means a reduction of a physiological indicator (as ex- 
30 emplified above like e,g., growth or regenerability) for treated plant cells or plants -not 
comprising a functional I>amino acid oxidase - In comparison with untreated plants or 
plant cells (regardless whether expressing said D-amino acid oxidase or not ) not irre- 
versibly effecting growth and/or performance of said treated plants or plant cells (but 
using the compound in a concentration sufficient to allow for distinguishing and/or 
35 separating transgenic plants (i.e.. comprising said dual function maricer) from non- 
transgenic plants (i.e., not comprising sard mariner)). Preferably, the reduction of a 
physiological indicator for said treated plant cells is not more then 30%, preferably not 
more then 15%, more preferably not more then 10 %, 

40 The phytotoxic compound M is metabolized by said D-amino acid oxidase into one or 
more compound(s) N which are phytotoxic or more phytotoxic than compound M. In an 
improved embodiment the toxicity (as for example assessed by one of the physiological 
indicators exemplified above like e.g., growth or regenerability) of the compound M is 
increased in a way that one or more physiological indicator (as exemplified above I'ike 

45 e.g., growth or regenerability) are reduced by at least 20%, preferably at least 40%. 
more preferably at least 60%, most preferably at least 90%. The phytotoxic effect of 
compound N in comparison to compound M is increased by at least 100% (Le, twice), 
preferably at least 500% (i.e. 5-times), more preferably at least 1000% (i.e. 10 times). 
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Various chemical compounds and mixtures thereof can be used as compound M. The 
person skilled in the art Is aware of assay systems to asses the phytotoxtcity of these 
compounds and the capability of a D-amino oxidase to metabolize said compounds in a 
way described above leading to increased phytotoi^dcity. 

5 

Preferably at least one of the chemical substances comprised in compound M com- 
prises a D-amino add structure. 

As used herein the term a "D-amino acid structure'' (such as a "D-leucine structure", a 
10 "D-phenylalanine structure" or a "D-valine structure") is intended to include the D- 
amtno acid, as well as analogues, derivatives and mimetics of the D-amino add that 
maintain the functional activity of the compound (discussed further below). For exam- 
ple, the term "D-phenylalanine structure" is intended to include D-phenylaianine as well 
as D-pyridylalanlne and D*homophenylalanlne. The term "D-leucine staicture" is in- 
15 tended to include D-leucine, as well as substitution with D-valine or other natural or 
non-natural amino acid having an aliphatic side chain, such as D-norteucine. The term 
"D-valine stmcture" is intended to include D-vaKne, as well as substitution with D- 
leucine or other natural or non-natural amino acid having an aliphatic side chain. 

20 The D-amino acid employed may be modified by an amino-terminal or an carboxy- 
terminal modifying group. The amino-terminal modif/ing group may be - for example - 
selected from the group consisting of phenylacetyl, diphenylacetyl, triphenylacetyl, bu- 
tanoyl, IsobutanoyI hexanoyl. propionyl, 3-hydroxybutanoyl, 4-hydroxybutanoyl, 3- 
hydroxypropionoyl, 2,4-dihydroxybutyroyt, 1-Adamantanecari30nyl, 4-methylvateryl, 2- 

25 hydroxyphenylacetyl, 3-hydroxyphenylacetyf, 4-hydroxyphenylacetyl, 3.5-dihydroxy-2- 
naphthoyl, 3.7-dihydroxy-2-napthoyl, 2-hydrcxycinnamoyl, 3-hydroxycinnamoyl, 4- 
hydroxycinnamoyl, hydrocinnamoyi, 4-formyldnnamoyl. 3-hydroxy-4- 
methoxycinnamoyl, 4-hydroxy-3-methoxycinnamoyl, 2-carboxyclnnamoyl. 3.4,- 
dihydroxyhydrocinnamoyl, 3.4-dihydroxycinnamoyI, trans-Cfnnamoyl, (.+-0-m^nclelyl. 

30 (.+-,)-^andelyK.+-)-mandelyl, glycolyl, 3-formyIben2oyf. 4-formylbenzoyl, 2- 
fonnyiphenoxyacetyl, 8-fonmyl-1-napthoyl, 4-(hydroxymethyl)benzoyl, 3- 
hydroxybenzoyl, 4-hydroxyben2:oyl, 5-hydantoinacetyl, L-hydroorotyl, 2,4- 
dihydroxybenzoyi, 3-benzoylpropanoyl, (.+-0-2,4-dihydroxy-3»3-dimethylbutanoyi. DL- 
3-(4-hydroxypheny|)laotyl, 3-(2-hydroxyphenyl)propionyl, 4-(2-hydroxyphenyl)propfony!. 

35 D-3-phenyIlactyl, 3-'(4-hydroxyphenyI)propionyl. L-3-phenyflactyl, 3-pyridylacetyI. 4- 
pyridylacetyl, isonicotinoyt, 4-quinolinecarboxyl, 1-isoquinolinecarboxyl . and 3- 
Isoquinolinecarbo)^!. The carboxy-terminal modifying group may be - for example - 
selected from the group consisting of an amide group, an alkyt amide group, an aryl 
amide group and a hydroxy group. 

40 

The terms "analogue", "derivative" and "mimetic" as used herein are intended to In- 
clude molecules which mimic the chemical structure of a D-amino acid structure and 
retain the functional properties of the D-amino acid structure. Approaches to designing 
amino acid or peptide analogs, derivatives and mimetics are known in the art. For ex- 

45 ample, see Farmer, P. S. in Dnjg Design (E. J. Ariens. ed,) Academic Press, New 
Yortc, 1980, vol. 10. pp. 119-143; Ball. J. B. and Alewood, P, R (1990) J. MoL Recogni- 
tion 3:55; Morgan, B. A. and Gainor, J. A. (1989) Ann. Rep. Med. Chem, 24:243; and 
Freidlnger. R. M. (1989) Trends Phannacol. Sci. 10:270. See also Sawyer, T, K. (1995) 
"Peptidomimetic Design and Chemical Approaches to Peptide Metabolism" in Taylor. 

50 M. D. and Amidon. G. L. (eds.) Peptide-Based Dnig Design: Controlling Transport and 
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Metabolism, Chapter 17; Smith, A. B. 3rcl. etal, (1995) J. Am. Chem. Soc. 117:11113- 
11123; Smith. A. B. 3rd, et al (1994) J. Am. Chem. Soc. 116:9947-9962; and Hirsch- 
man, R., et ai. (1993) J, Am. Chem. Soa 115:12550-12568. 

As used herein, a "derivative*' of a compound M (e.g., a D- amino acid) refers to a form 
of M in which one or more reaction groups on the compound have been derivatrzed 
with a substituent group. Examples of peptide derivatives include peptides in which an 
amino acid side chain, or the amino- or carfaoxy-terminus has been derivatized. As 
used herein an "analogue" of a compound M refers to a compound which retains 
chemical structures of M necessary for functional activity of M yet which also contains 
certain chemical structures which differ from M, respectively. As used herein, a "mi- 
metic" of a compound M refers to a compound in which chemical structures of M nec- 
essary for functional activity of M have been replaced with other chemical structures 
which mimic the conformation of M, respectively. 

Analogues are intended to include compounds in which one or more D-amino acids are 
substituted with a homologous amino add such that the properties of the original com- 
pound are maintained. Preferably conservative amino acid substitutions are made at 
one or more amino acid residues. A "conservative amino acid substitution" is one in 
which the amino acid residue is replaced with an amino acid residue having a similar 
side chain. Families of amino acid residues having similar side chains have been de- 
fined in the art, including basic side chains (e.g., lysine, arginine, hlstidine), acidic side 
chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine, 
asparagine, glutamlne, serine, threonine, tyrosine, cysteine), nonpolar side chains 
(e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine, trypto- 
phan), p-branched side chains (e.g., threonine, valine, isoleucine) and aromatic side 
chains (e.g., tyrosine, phenylalanine, tryptophan, hlstidine). Non-limiting examples of 
homologous substitutions that can be made include substitution of D-phenylalanine 
with b-tyrosine, D-pyridylalanine or D-'homophenylalanine, substitution of D-leucine 
with D-valine or other natural or non-natural amino acid having an aliphatic side chain 
and/or sut>stitution of D-valine with 0-leucine or other natural or non-natural amino acid 
having an aliphatic side chain. 

Other possible modifications include N-all<yl (or aryl) substitution, or backbone 
crossHnking to construct lactams and other cyclic structures. Other derivatives include 
C-tenninal hydroxymethyl derivatives. O-modified derivatives (e.g., C-terminal hy- 
droxymethyl benzyl ether), N-temilnally modified derivatives including substituted am- 
ides such as alkylamldes and hydrazides. 

In certain embodiments the D-amino acid structure is coupled directly or indirectly to at 
least one modifying group (abbreviated as MG). The term "modifying group" is intended 
to include stmctures that are directly attached to the D-amino acid structure (e.g., by 
covalent coupling), as well as those that are indirectly attached (e.g., by a stable non- 
covalent association or by covalent coupling to additional amino acid residues). For 
example, the modifying group can be coupled to the amino-terminus or carboxy- 
terminus of a D-amino acid structure. Modifying groups covalently coupled to the D- 
amino add structure can be attached by means and using methods well known in the 
art for linking chemical structures, including, for example, amide, alkylamino, car- 
bamate,' urea or ester tjonds. In a preferred embodiment, the modifying group(s) com- 
prises a cyclic, heterocyclic, polycyclic or branched alkyi group. 
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No endogenous D-amino add oxidase activity has been reported in plants, Compounc 
M, respectively, as substrates for the D-amino acid oxidase may be a D-amino acic 
structure comprising the structure of D-arginine, D-glutamate, 0-alanine, D-aspartate, 
D-cysteine, D-glutamine, D-hfstldine» D-isoleuclne, D-leucine, D-lysine, D-methionJne, 
5 D~asparagine, D-phenyJalanine, D-proline, D-serine, D-threonine, D-tryptophane. D- 
tyrpsine or D-valine. Preferably compound M is comprising D-arginine, D-g|utamate, D- 
alanine, D-aspartate, D-cysteine. D-glutamine, D-htstidine. D-isoieucine, D-ieucine. D- 
lysine, D-methionine. D-asparagine, D-phenylalanine, D^proline, D-serine. D-threonine, 
D-tryptophane, D-tyrosine or D-valine. Other suitable substrates for D-amino acid me- 
10 tabolising enzymes include non-protein dextrorotatory amino acids, precursors of dex- 
trorotatory amino acids and dextrorotatory amino acid derivatives. Suitable precursors 
include D-onmithine and D-citruliine. 

Preferably compound M is comprising a substance comprising a structure selected 
15 from the group of consisting of D-isoleucine, D-valine, D-asparagine, D-leucine, D- 
lysine^ D-proline, and D-glutamine, more preferably a structure selected from the group 
consisting of D-isoleucine, and D-valine. Most preferably compound M is comprising a 
substance comprising the structure of D-isoleucine. 

20 Preferably compound M is comprising a substance selected from the group of consist- 
ing of D-isoleucine. D-valine, D-asparaglne, D-leudne, D-lysine. D-i>rol}ne, and D- 
glutamine, more preferably selected from the group consisting* of 13-isoIeudne,' and D- 
valine. Most preferably compound M is comprising D-isoleucine. 

25 The fact that compound M preferably comprise a D-amino acid structure does not rule 
out the presence of L-amino acid structures or L-amiho acids. For some applications it 
may be preferred (e.g., for cost reasons) to apply a racemic mixture of D- and L-amino 
acids (or a mixture with enriched content of D-amino acids). Preferably, the ratio of the 
D-amino acid to the corresponding L~enantiomer Is at least 1:1, preferably 2:1, more 

30 preferably 5: 1 , most preferably 1 0: 1 or 1 00: 1 . 

The prefen-ed compound may be used in isolated forni or in combination with other 
substances. 

35 The term **herbicidal composition'* or "selective herbicidal" composition as used herein 
is preferably Intended to mean any composition comprising at least one compound M 
(as defined above) and at least one adjuvant facilitating application of the composition 
as a herbicide. For the purpose of application, the compound M is advantageously 
used together with the adjuvants conventionally employed in the art of formulation, and 

40 are therefore formulated in known manner, e.g. into.emulsifiable concentrates, coatable 
pastes, directly sprayable or dilutable solutions, dilute emulsions, wettable powders, 
soluble powders, dusts, granulates, and also encapsulations in e.g. polymer sub- 
stances. As with the nature of the compositions to be used, the methods of application, 
such as spraying, atomising, dusting, scattering, coating or pouring, are chosen in ac- 

45 oordance with the intended objectives and the prevailing circumstances. 

The formulations, i.e. the compositions, preparations or mixtures containing compound 
M (active ingredient), and, where appropriate, a solid or liquid adjuvant, are prepared in 
known manner, e.g- by homogeneously mixing and/or grinding the active ingredients 
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with extenders, e.g. solvents, solid carriers and. where appropriate, surface-active 
compounds (surfactants). 

Suitable solvents are: aromatic hydrocarbons, preferably the fractions containing 8 to 
5 12 c3rt5on atoms» e.g. xylene mixtures or substituted naphthalenes, phthalates such as 
dibutyl phthalate or dioctyl phthalate, aliphatic hydrocarbons such as cyclohexane or 
paraffins, alcohols and glycols and their ethers and esters, such as ethanol, ethylene 
glycol, ethylene glycol monomethyl or monoethyl ether, ketones such as cyclohexa- 
none, strongly polar solvents such as N-methyl-2-pyrrolldone, dimethyl suffoxide or 
10 dimethylfbmiamide, as well as vegetable oils or epoxidised vegetable oils, such as ep- 
oxidised coconut oil or soybean oil; or - preferably - water. 

The solid carriers used e.g. for dusts and dispersible powders are normally natural 
mineral fillers such as calcite, talcum, kaolin, montmorillonlte or attapufglte. In order to 

15 improve the physical properties it is also possible to add highly dispersed silicic acid or 
highly dispersed absorbent polymers. Suitable granulated adsorptive carriers are po- 
rous types, for example pumice, broken brick, seplolite or bentonlte; and suitable non-^ 
sorbent earners are. for example, calcite or sand. In addition, a great number of pre- 
granulated materials of inorganic or organic nature can be used, e.g. especially dolo- 

20 mite or pulverised plant residues. 

Depending on the nature of the compound M to be formulated suitable surface-active 
compounds are nonionic. cationic and/or anionic surfactants having good emulsifying, 
dispersing and wetting properties. The term "surfactants" will also be understood as 
25 comprising mixtures of surfactants. 

Both so-called water-soluble soaps and also water-soluble synthetic surface-active 
compounds are suitable anionic surfactants. Suitable soaps are the alkali metal salts, 
alkaline earth metal salts or unsubstftuted or substituted ammonium salts of higher fatty 
30 acids (Cio -C22). e.g. the sodium or potassium salts of oleic or stearic acid or of natural 
fatty acid mixtures which can be obtained e.g. from coconut oil or tallow oil. Fatty acid 
methyltaurin salts may also be mentioned as surfactants. 

More frequently, however, so-called synthetic surfactants are used, especially fatty 
35 sulfonates, fatty sulfates, sulfonated benzimidazole derivatives or alkylarylsulfonates. 

The fatty sulfonates or sulfates are usually in the form of alkali metal salts, alkaline 
earth metal salts or unsubstituted or substituted ammonium salts and contain a C.sub.8 
-C.sub.22 alkyi radical which also includes the alkyi moiety of acyl radicals, e.g. the 

40 sodium or calcium salt of lignosulfonic acid, of dodecylsulfate or of a mixture of fatty 
alcohol sulfates obtained from natural fatty acids. These compounds also comprise the 
salts of sulfated and sulfonated fatty alcohol/ethylene oxide adducts. The sulfonated 
benzimidazole derivatives preferably contain 2 sulfonic acid groups and one fatty acid 
radical containing 8 to 22 carbon atoms. Examples of alkylarylsulfonates are the so- 

45 dium, calcium or triethanolamine salts of dodecylbenzenesulfonic acid, dibutylnaphtha- 
lenesulfonic acid, or of a condensate of naphthalenesulfonic acid and formaldehyde. 
Also suitable are corresponding phosphates, e.g. salts of the phosphoric acid ester of 
an adduct of p-nonylphenot with 4 to 14 moles of ethylene oxide, or phospholipids. 
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Nonnonic surfactants are preferably pofyglycol ether derivatives of aliphatic or 
cycloatiphatic alcohols, saturated or unsaturated fatty acids and alkylphenols, said de- 
rivatives contains 3 to 30 glycol ether group? and 8 to 20 carbon atoms in the (ali- 
phatic) hydrocarbon moiety and 6 to 18 carbon atoms in the alkyi moiety of the alkyl- 
6 phenols. Further suitable non-ionic surfactants are the water-soluble adducts of poly- 
ethylene oxide with polypropylene glycol, ethylenedraminopolypropylene glycol and 
alkylpolypropytene glycol containing 1 to 10 carbon atoms in the alkyI chain, which ad- 
ducts contain 20 to 250 ethylene glycol ether groups and 10 to 100 propylene glycol 
ether groups. These compounds usually contain 1 to 5 ethylene glycol units per propyl- 
10 ene glycol unit. Representative examples of non-ionic surfactants are nonylphenolpoly- 
ethoxyethanols, castor oil polyglycol ethers, polypropylene/polyethylene oxide adducts, 
tributylphenoxy-polyethoxyethanol, polyethylene glycol and octylphenoxy- 
polyethoxyethanol. Fatty add esters of polyoxyethylene sorbltan, e,g. polyoxyethylene 
sorbitan trioleate, are also suitable. 

15 

Cationic surfactants are preferably quaternary ammonium salts which contain, as N- 
substituent, at least one Ca -C22 a'kyi radical and, as further substituents, unsubstituted 
or halogenated lower alkyI, benzyl or hydroxy-lower alkyI radicals. The salts are pref- 
erably in the form of halides, methylsulfates or ethylsulfates, e.g. stearyttrimethyl- 
20 ammonium chloride or ben2iyldi(2-chloroethyl)ethylammonium bromide. 

The surfactants customarily employed in the art of fomiulation are described e.g. in the 
following publications: "McCutcheon's Detergents and Emulsifiers Annual" MC Publish- 
ing Corp., Ridgewood, NJ., 1981. Stache, H.. Tensid-Taschenbuch", Cart Hanser 
26 Veriag MunichA/ienna 1981. 

The compositions usually contain 0.1 to 99% bjf weight, preferably 0.1 to 95% by 
weight, of a compound X or M, 1 to 99.9% by weight, preferably 5 to 99.8% by weight, 
of a solid or liquid adjuvant and 0 to 25% by weight, preferably 0.1 to 25% by weight, of 
30 a surfactant. 

The compositions may also contain further ingredients such as stabilizers, antifoams, 
viscosity regulators, binders, tackifiers as well as fertilizers or other active Ingredients 
for obtaining special effects. 

35 

Various methods and techniques are suitable for employing compound X or M or com- 
positions containing them for treating plant cells or plants. Such method may Include 

i) Incorporation into liquid or solidified media or substrates utilized during transforma- 
40 tion, regeneration or growth of plant cells, plant material or plants. 

ii) Seed dressing 

lii) Application by spraying (e.g. from a tank mixture utilizing a liquid formulation) 

45 

Suitable concentrations of the active ingredient M (e.g,, preferably D-isoleucine) in the 
herbicidal composition of the invention are preferably in the range of 0.3 to 100 mlW, 
more preferably 1 mM to 80 mM, most preferably 5 mM to 50 mM. 

50 



i^^^r r-iuiu oQience ^mDH 20040239 PF 5SAd7 FP 

SweTree Technologies AB a*ai ^^sw ii i. f 2 

32 

III. The DNA Constructs of the Invention 

A transgenic expression cassette for a D-amino acid oxidase suitable for carrying out 
the invention may comprise a sequence encoding said D-amino acid oxidase (as de- 
fined above) operably linked to a promoter functional in plants. Various promoters func- 
5 tlonal in plants are known In the art (see above). Preferably for the present invention 
the promoter is a constitutive promoter allowing for expression of the D-amino oxidase 
In ail or substantially all tissues and during most of the developmental stages. Exam- 
ples for said constitutive promoters are given above. However other promoters (e.g., 
with activity in green tissues like leaves) may be useful. Further preferred constitutive 
10 promoters are the nitrilase promoter from Arabidopsrs thaliana (WO 03/008696) and 
the Pisum sativum ptxA promoter (e.g., as incorporated in the construct described by 
SEQ ID NO: 16; base pair 1866 - 272B» complementary orientation). 

The DNA construct may — beside a promoter sequence - comprise additional genetic 
15 control sequences. The term "genetic control sequences" is to be understood In the 
broad sense and refers to all those sequences which affect the making or function of 
the DNA construct to the invention or an expression cassette comprised therein. Pref- 
erably, an expression cassettes according to the invention encompass 5 -upstream of 
the respective nucleic acid sequence to be expressed a promoter and 3'-downstream a 
20 terminator sequence as additional genetic control sequence, and, if appropriate, further 
customary regulatory elements, in each case In operable linkage VMth the nucleic acid 
sequence to be expressed. 

Genetic control sequences are described, for example, in "Goeddel; Gene Expression 
25 Technology: Methods in Enzymology 185, Academic Press, San Diego, CA (1990)" or 
''Gruber and Crosby, in: Methods in Plant Molecular Biology and Biotechnolgy, CRC 
Press, Boca Raton, Florida, eds.: Click and Thompson, Chapter 7, 89-108" and the 
references cited therein. 

30 Examples of such control sequences are sequences to which inductors or repressors 
bind and thus regulate the expression of the nucleic acid. Genetic control sequences 
furthermore also encompass the 5'-untranslated region, introns or the non-coding 3'- 
region of genes. It has been demonstrated that they may play a significant role in the 
regulation of gene expression. Thus, it has been demonstrated that 5'-untranslated 

35 sequences are capable of enhancing the transient expression of heterologous genes. 
Furthermore, they may promote tissue specificity (Rouster J et aL (1998) Plant J 
16:435-440.). Conversely, the 5 -untranslated region of the opaque-2 gene suppresses 
expression- Deletion of the region In question leads to an increased gene activity 
(Lohmer S et at. (1993) Plant Cell 5:65-73). Genetic control sequences may also en- 

40 compass ribosome binding sequences for initiating translation. This is preferred in par- 
ticular when the nucleic acid sequence to be expressed does not provide suitable se- 
quences or when they are not compatible with the expression system. 

The expression cassette can advantageously comprise one or more of what are known 
45 as enhancer sequences in operable linkage with the promoter, which enable the in- 
creased transgenic expression of the nucleic acid sequence. Additional advantageous 
sequences^ such as further regulatory elements or terminators, may also be inserted at 
the 3' end of the nucleic acid sequences to be expressed recombinantly. One or more 
copies of the nucleic acid sequences to be expressed recombinantly may be present in 
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the gene construct Genetic control sequences are furthermore understood as mp«nin« 
sequences which encode fusion proteins consisting of a signal peptide s^uencT ^ 

^ nnfS®"^'^^'°" ^'^"^I^ '^''''^ control sequences are olant 

5 polyadenylaton signals, preferably those which correspond essentia^ to ^-DNA 

ab rtl:::? ft/mefao/e^s. LarnplesTpartlc^ariy s^^^ 

able ternimator sequences are the OCS (octopine synthase) termrnator and Kos 
(nopalme synthase) terminator. '^'"""^^^ ^na me nu& 

Such°!^itlSr °' ""^y encompass further nucleic acid sequences 

Such nuclerc ac.d sequences may preferably constitute expression cassettes 
further sequences may Include but shall not be limited to: P^^*^'**" ^^^ettes. Said 

t) Additional counter selection mariner as described above. Or additional neaative or 
15 positive selection marker. Negative selection markers are most oS^ empC^ Z 
mettiods for producing transgenic cells or organisms. Such n^Ttive seie^Jn 

bolic .nhibrtor (e.g.. 2-deoxyglucose^.phosphate. WO 98/4^56) an^biotlcs Te o 
kanamycin, G 418. bleomycin or hygromycin) or herbicides (og o^^^ZM^n 
20 or glyphosate). Examples - especially suitable for plant transfoiSiattor-^r^ 

- Phosphlnothricin acetyltransferases (PAT; also named Blalophos »resistance- 
bar; de Block 1987; EP 0 333 033; US 4.975.374) resistance, 

- S-enolpyruxQ^lshlkimate-S-phosphate synthase (EPSPS) conferring resistance to 
25 Glyphosate* (N-(phosphonomethyl)glycine) (Shah 1985) resistance to 

- Glyphosate degrading enzymes (Glyphosate® oxidoreductase: gox) 

- Dalapon" inactivating dehalogenases (deh) 

- sulfonylurea- and Imldazolinone-inactlvating acetolactate synthases ffor evam 
30 - Bromoxynil® degrading nitrilases (bxn) "^-"on 

- Kanarnycin- or. G418- resistance genes (NPTII;NPTI) coding e.g forneomvcin 
phosphotransferases (Fraley 1983) "9 e.g., lor neomyan 

" I££TLTotS^J.T^*^, phosphatase P0G«1.Qene product; WO 
35 d^l^M 995^ ^ "'""^^"'"^ resistBt^ce against 2.desoxygIucose (Ran- 

■ ct^Z^nS'l^^r^"^^'^^^^ 

- dihydrofolate reductase (Elchholtz 1 987) 

• SsTsTwo 03/08^^^^^^^ ^"^'"^ dehydratases or o.. 

Additional negative selectable mariner genes of bacterial origin that confer resls- 
tence to antibiotics include the aadA gene, which confers resistance to S aX 

45 2Sse7sTT?7mh^^^^^ T'^^ streptomycin phosphc^rat 

^e'jse (SPp aniinc^l^^ transferase and the bleomycin resistance 

determinant (Hayford 1988; Jones 1987; Svab 1990; Hille 1986). '^^'^^^"•'e 

ttoSrcLmf^^^^^^^ ^'"^ ^detoxification of a 

bioadal compound but confer an advantage by Increased or Improved reaenera 
50 tK>n. growth, propagation, multiplication as the like of the ceiroroSm ^mp^^^ 
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ing such kind of "positive selection marker". Examples are isopentenyitransferase 
(a key enzyme of the cytokinin biosynthesis facilitating regeneration of transformed 
plant cells by selection on cytokinin-free medium; Ebinuma 2000a: Ebinuma 
2000b). Additional positive selection markers, which confer a growth advantage to 
a transformed plant cells in comparison with a non-transformed one, are described 
e.g., in EP-A 0 601 092. Growth stimulation selection markera may include (but 
shall not be limited to) p-Glucuronidase (In combination with e.g., a cytokinin glu- 
curonide), mannose-6-phosphate isomerase (in combination with mannose), UDP- 
gaiactose-4-epimerase (In combination with e.g., galactose). 

li) Report genes which encode readily quantifiable proteins and which, via intrinsic 
color or enzyme activity, ensure the assessment of the transformation efficacy or of 
the location or timing of expression. Very especially prefen-ed here are genes en- 
coding reporter proteins (see also Schenbom E, Groskreutz D. Mol Blotechnoi. 
1 999; 1 3(1 ):29-44) such as 

- "green fluorescence protein" (GFP) (Chui WL et al., Cun- Biol 1996. 6:325-330; 
Leffel SM et al., Biotechnlques. 23(5):912-B. 1997; Sheen et al.(1995) Plant 
Journal 8(5):777-784: Haseloff et aL(1997) Proc Natl Acad Scf USA 94(6):2122- 
2127; Reichel et al.(1996) Proc Natl Acad Scl USA 93(12):5888-6893: TIan et al. 
(1997) Plant Cell Rep 16:267-271; WO 97/41228). 



- Chloramphenicol transferase. 

25 - luciferase (Millar et al., Plant Mol Biol Rep 1992 10:324-414; Ow et al. (1986) 
Science. 234:856-659): permits the detection of Wolumlnescence, 

- p-galactosidase, encodes an enzyme for which a variety of chromogenic sub- 
strates are available, 

30 

- S-glucuronidase (GUS) (Jefferson et al., EMBO J. 1987, 6, 3901-3907) or the 
uidA gene, which encodes an enzyme for a variety of chromogenic substrates, 

- R locus gene product: protein which regulates the production of anthocyanin 
35 pigments (red coloration) in plant tissue and thus makes possible the direct 

analysis of the promoter activity without the addition of additional adjuvants or 
chromogenic substrates (Dellaporta et al., In: Chromosome Structure and Func- 
tion: Impact of New Concepts, 18th Stadler Genetics Symposium, 11:263-282, 
1986), 

40 

- lactamase (Sutcliffe (1 978) Proc Natl Acad Sci USA 75:3737-3741 ), enzyme for 
a variety of chromogenic substrates (for example PADAC, a chromogenic cepha- 
losporin), 

45 - xylE gene product (Zukowsky et al. (1983) Proc Natl Acad Sci USA 80:1101- 
1105), catechol dioxygenase capable of converting chromogenic catechols. 

- alpha-amylase (Ikuta et al. (1990) Bio/technol. 8:241-242), 
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- tyrosinase (Katz et al.{1983) J Gene Microbiol 129:2703-2714), enzyme which 
oxidizes tyrosine to give DOPA and dopaquinone which subsequently form mela- 
ntne, which is readily detectable, 

5 - aequorin (Prasher et al.(1985) Biochem Biophys Res Commun 126(3):1259- 
1268), can be used in the calcium-sensitive bioluminescence detection. 

The DNA construct according to the invention and any vectors derived therefrom may 
comprise further functional elements. The term "further functional elements" is to be 
10 understood in the broad sense. It preferably refers to ail those elements which affect 
the generation, muttrplication, function, use or value of said DNA construct or vectors 
comprising said DNA construct, or cells or organisms comprising the before mentioned. 
These further functional elements may include but shall not be limited to: 

15 I) Origins of replication which ensure replication of the expression cassettes or vectors 
according to the invention in, for example^ E. coli. Examples virtiich may be men- 
tioned are ORI (origin of DNA replication), the pBR322 ori or the P15A on (Sam- 
brook et aK: Molecular Cloning. A Laboratory Manual, 2***^ ed. Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY, 1989). 

20 

ii) Multiple cloning sites (MCS) to enable and facilitate the inserition of one or more 
nudeic acid sequences. 

iii) Sequences which make possible homologous recombination or insertion into the 
25 genome of a host organism. 

Iv) Elements, for example border sequences, which make possible the Agrobacterium- 
mediated transfer in plant cells for the transfer and integration into the plant ge- 
nome, such as, for example, the right or left border of the T-DNA or the vlr region. 

30 

IV. Construction of the DNA Constructs of the Invention 

Typically, constructs to be introduced into these cells are prepared using transgene 
expression techniques. Recombinant expression techniques involve the construction of 
recombinant nucleic acids and the expression of genes in transfected cells. 

35 

Molecular cloning techniques to achieve these ends are known in the art. A wide vari- 
ety of cloning and in vitro amplification methods suitable for the construction of recom- 
binant nucleic acids are well-known to persons of skill. Examples of these techniques 
and instructions sufficient to direct persons of skill through many cloning exercises are 

40 found in Berger and Kimmel, Guide to Molecular Cloning Techniques, Methods in En- 
zymology. Vol.152, Academic Press, hie, San Diego, CA (Berger) ; T. Maniatis, E,F. 
Fritsch and J. Sambrook, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor 
Laboratory, Cold Spring Harbor. NY (1989), in TJ. Sifhavy. M.L Berman and 
L.W. Enquist, Experiments with Gene Fusions, Cold Spring Harbor Laboratory, Cold 

45 Spring Harioor, NY (1984) and Current Protocols in Molecular Biology, F. M. Ausubel et 
aL, eds.. Cun-ent Protocols, a joint venture between Greene Publishing Associates, Inc. 
and John Wiley & Sons, Inc., (1998 Supplement). Preferably, the DNA construct ac- 
cording to the Invention is generated by joining the at)ovementioned essential constitu- 
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ents of the UNA construct together in the abovementioned sequence using the reoonr)- 
bination and cloning techniques with which the skilled worker is familiar. 

Generally, a gene to be expressed will be present in an expression cassette, meaning 
5 that the gene Is operably linked to expression control signals, e. g., promoters and ter- 
minators, that are functional In the host cell of interest. The genes that encode the se- 
quence-specific DIMA cleaving enzyme and, optionally, the selectable marker, will also 
be under the control of such signals that are functional in the host cell. Control of ex- 
pression is most easily achieved by selection of a promoter The transcription termina- 
10 tor Is not generally as critical and a variety of known elements may be used so long as 
they are recognized by the celL The invention contemplates polynucleotides operably 
linked to a promoter in the sense or antlsense orientation. 

A DMA construct of the invention (or an expression cassette or other nucleic acid em- 
16 ployed herein) is preferably introduced Into cells using vectors into which these con- 
structs or cassettes are inserted. Examples of vectors may be plasmids, cosmids, 
phages, viruses, retroviruses or else agrobacteria. 

The construction of polynucleotide constructs generally requires the use of vectors able 
20 to replicate in bacteria. A plethora of kits are commercially available for the purification 
of plasmids from bacteria. For their proper use. follow the manufacturer's instructions 
(see, for example. EasyPrep™, FlexiPrep™, both from Pharmacia Biotech; Stra- 
taClean™, from Stratagene; and, QIAexpress™ Expression System, Qiagen). The iso- 
lated and purified plasmids can then be further manipulated to produce other plasmids, 
25 used to transfect cells or incorporated into Agrobacterium tumefaciens to infect and 
transform plants^ Where Agrobacterium is the means of transfonnation, shuttle vectors 
are constructed* 

However, an expression cassette (e.g., for an excision enzyme) may also be con- 
30 structed in such a way that the nucleic acid sequence to be expressed (for example 
one encoding a excision enzyme) is brought under the control of an endogenous ge- 
netic control element, for example a promoter, for example by means of homologous 
recombination or else by random insertion. Such constructs are likewise understood as 
being expression cassettes for the purposes of the invention. The skilled worker fur- 
35 thermore knows that nucleic acid molecules may also be expressed using artificial 
transcription factors of the zinc finger protein type (Beerii RR et al. (2000) Proc Natl 
Acad Sci USA 97(4): 1495-500). These factors can be adapted to suit any sequence 
region and enable expression independently of certain promoter sequences. 

40 Vp Target Organisms 

The methods of the invention are useful for obtaining marker-free plants, or cells, parts, 
tissues, harvested material derived therefrom. Accordingly, another subject matter of 
the invention relates to transgenic plants or plant cells comprising in their genome, 
preferably in their nuclear, chromosomal DNA, the DNA construct according to the 
45 invention, and to cells, cell cultures, tissues, parts or propagation material - such as, 
for example, in the case of plant organisms leaves, roots, seeds, fruit, pollen and the 
like - derived from such plants. 
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The term "plant" includes whole plants, shoot vegetative organs/structures (e. g 
leaves, stems and tubers), roots, flowers and floral organs/structures (e. g. bracts, se- 
pals, petals, stamens, carpels, anthers and ovules), seeds (including embryo, en- 
dosperm, and seed coat) and fruits (the mature ovary), plant tissues (e. g. vascular 
5 tissue, ground tissue, and the like) and cells (e. g. guard cells, egg cells, trichomes and 
the like), and progeny of same. The class of plants that can be used in the method of 
the invention is generally as broad as the class of higher and lower plants amenable to 
transformation techniques, including angiosperms (monocotyledonous and dicotyledo- 
nous plants), gymnosperms, ferns, and multicellular algae. It includes plants of a van- 
10 ety of ploldy levels, Including aneuploid, polyploid, diploid, haploid and hemizygous. 

Included within the scope of the invention are all genera and species of higher and 
tower plants of the plant kingdom. Included are furthermore the mature plants, seed, 
shoots and seedlings, and parts, propagation material (for example seeds and fruit) 
1 5 and cultures, for example cell cultures, derived therefrom. 

Preferred are plants and plant materials of the following plant families: Amaranthaceae, 
Brassicaceae, Carophyltaceae, Chenopodiaceae, Compositae, Cucurbitaceae, Labi- 
atae, Leguminosae, Paprlionoideae. Liiiaceae, LInaceae. Malvaceae, Rosaceae, Saxl- 
20 Iragaceae, Scrophulariaceae, Solanaceae, Tetragoniaceae. 

Annual, perennial, monocotyledonous and dicotyledonous plants are preferred host 
organisms for the generation of transgenic plants. The use of the recombination sys- 
tem, or method according to the invention is furthermore advantageous In all omamen- 

25 tal plants, forestry, fruit, or ornamental trees, flowers, cut flowers, shrutis or turf. Said 
plant may include - but shall not be limited to - bryophytes such as, for example, 
Hepaticae (hepaticas) and Musci (mosses); pteridophytes such as ferns, horsetail and 
clubmosses: gymnosperms such as conifers, cycads, ginkgo and Gnetaeae; algae 
such as Chlorophyceae, Phaeophpyceae, Rhodophyceae, Myxophyceae, Xanthophy- 

30 ceae, Bacillahophyceae (diatoms) and Euglenophyceae. 

Plants for the purposes of the invention may comprise the families of the Rosaceae 
such as rose, Ericaceae such as rhododendrons and azaleas, Euphorbiaceae such as 
pornsettias and croton, Caryophyllaceae such as pinks. Solanaceae such as petunias, 
35 Gesneriaceae such as African violet, Balsaminaceae such as touch-me-not, Orchida- 
ceae such as orchids, Iridaceae such as gladioli, iris, freesia and crocus, Compositae 
such as marigold, Geraniaoeae such as geraniums, Liiiaceae such as drachaena, 
Moraceae such as ficus, Araceae such as philodendron and many others. 

40 The transgenic plants according to the invention are. furthermore selected in particular 
firom among dicotyledonous crop plants such as, for example, from the families of the 
Leguminosae such as pea, alfalfa and soybean; the family of the Umbelliferae, particu- 
larly the genus Daucus (very particulariy the species carota (carrot)) and Apium (very 
particularly the species graveolens dulce (celery)) and many others: the family of the 

45 Solanaceae, particulariy the genus Lycopersicon, very particulariy the species esculen- 
turn (tomato) and the genus Solanum, very particulariy the species tuberosum (potato) 
and melongena (aubergine), tobacco and many others; and the genus Capsicum, very 
particulariy the species annum (pepper) and many others; the family of the Legumino- 
sae, particulariy the genus Glycine, very particularly the species max (soybean) and 

50 many others; and the family of the Cruciferae, particulariy the genus Brassica, very 
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particuiarly the species napus (orlseed rape), campestns (beet), oleracea cv Tastie 
(cabbage), oteracea cv Snowball Y (cauliflower) and oleracea cv Emperor (broccoli); 
and the genus Arabidopsis, very particularly the species thaliana and many others; the 
family of the Compositae, particularly the genus Lactuca, very particularly the species 
sativa (lettuce) and many others. 

The transgenic plants according to the invention are selected In particular among 
monocotyledonous crop plants, such as, for example, cereals such as wheat, barley, 
sorghum and millet, rye, triticale. maize, rice or oats, and sugarcane. 

Further preferred are trees such as apple, pear, quince, plum, cherry, peach, nectarine, 
apricot, papaya, mango, and other woody species including coniferous and deciduous 
trees such as poplar, pine, sequoia, cedar, oak, etc. 

15 Espedally preferred are Arabidopsis thaliana, Nicotiana tabacum, oilseed rape, soy- 
bean, com (maize), wheat, linseed, potato and tagetes. 

Plant varieties may be excluded, particularly registrable plant varieties according to 
Plant Breeders Rights. It is noted that a plant need not be considered a "plant variety" 
20 simply because It contains stably within its genome a transgene, Introduced Into a cell 
of the plant or an ancestor thereof. 

In addition to a plant, the present invention provides any done of such a plant, seed, 
selfed or hybrid progeny and descendants, and any part or propagule of any of these, 
25 such as cuttings and seed, which may be used in reproduction or propagation, sexual 
or asexual. Also encompassed by the Invention is a plant which is a sexually or asexu- 
ally propagated off-spring, clone or descendant of such a plant, or any part or 
propagule of said plant, off- spring, clone or descendant. 

30 Plant organisms are furthermore, .for the purposes of the invention, other organisms 
which are capable of phbtosynthetic activity, such as, for example, algae or cyanobac- 
teria, and also mosses. Preferred algae are green algae, such as, for example, algae of 
the genus Haematococcus, Phaedactylum tricomatum, Volvox or Dunaliella. 

36 Genetically modified plants according to the invention which can be consumed by hu- 
mans or animals can also be used as food or feedstuffs, for example directly or follow- 
ing processing known in the art. 

VI. Methods for Introducing Constructs into Target Cells 

40 A DNA construct according to the Invention may advantageously be introduced into 
cells using vectors into which said DNA construct is inserted. Examples of vectors may 
be plasmids, cosmids, phages, viruses, retroviruses or agrobacteria. In an advanta- 
geous embodiment, the expression cassette is introduced by means of plasmid vec- 
tors. Preferred vectors are those which enable the stable integration of the expression 

45 cassette into the host genome. 

The DNA construct can be introduced into the target plant cells and/or organisms by 
any of the several means known to those of skill in the art, a procedure which is termed 
transfomiation (see also Keown et al. (1990) Meth Enzymol 185:527-537). Production 
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of stable, fertfie transgenic plants in almost all economically relevant monocot plants is 
now routine:(Toriyama. et aL (1988) Bio/Technology 6:1072-1074; Zhang et al. (1988) 
Plant Celt Rep. 7:37&-384; Zhang, et al. (1988) Theor Appl Genet 76:835-840; Shima- 
moto et ai. (1989) Nature 5338:274-276; Datta et al. (1990) Bio/TechnoIogy 8:736- 740; 
5 Christou et al. (1991) Bjo/Technology 9:957-962; Peng, et al. (1991) Intematfonal Rice 
Research Institute, Manila, Philippines 563-574; Cao et aL (1992) Plant Cell Rep 
11:585-691; Li et al. (1993) Plant Cell Rep. 12:250-255; Rathore et al. (1993) Plant Mol 
Biol 21:871-884; Fromm et al. (1990) Bio/Technology 8:833-839; Gordon-Kamm et al. 
(1990) Plant Cell 2:603-618; D'Halluin et al. (1992) Plant Cell 4:1495-1505; Walters at 
10 al. (1992) Plant Mol Biol 18:189-200; Koziel et al. (1993) Biotechnology 11:194-200; 
Vasii IK (1994) Plant Mol Biol 25, 925-937; Weeks et aL 1 1993) Plant Physiology 102, 
1077-1084; Somers et al. (1992) Bio/Technology 10. 1589-1594; WO 92/14828). 

For instance, the DNA constructs can be introduced into cells* either in culture or in the 
15 organs of a plant by a variety of conventional techniques. For example, the DNA con- 
structs can be introduced directly to plant cells using ballistic methods, such as DNA 
particle bombardment, or the DNA construct can be introduced using techniques such 
as electroporation and microinjection of a celt. Particle-mediated transformation tech- 
niques (also known as "biolistlcs") are described in, e.g., Klein et al. (1987) Nature 
20 327:70-73; Vasil V et al. (1993) Bio/Technol 11:1553-1558; and Becker D et al. (1994) 
Plant J 5:299-307. These methods involve penetration of cells by small particles with 
the nucleic acid either within the matrix of small beads or particles, or on the surface. 
The biolistic PDS-1000 Gene Gun (Biorad, Hercules, CA) uses helium pressure to ac- 
celerate DNA-coated gold or tungsten microcarriers toward target celts. The process is 
25 applicable to a wide range of tissues and cells from organisms, including plants. Other 
transformation methods are also known to those of skill in the art. 

Microinjection techniques are known in the art and are. well described in the scientific 
and patent literature. Also, the cell can be permeabilized chemically, for example using 

30 polyethylene glycol, so that the DNA can enter the cell by diffusion. The DNA can also 
be introduced by protoplast fusion with other DNA-contalning units such as minicells, 
cells, lysosomes or liposomes. The introduction of DNA constructs using polyethylene 
glycol (PEG) precipitation Is described in Paszkowski et al. (1984) EMBO J 3:2717. 
Uposome-based gene delivery is e.g., described in WO 93/24640; Mannino and Gould- 

35 Fogerite (1988) BioTechniques 6(7):682-6gi; US 5,279,833; WO 91/06309; and Fei- 
gner et al. (1987) Proc Natl Acad Sci USA 84:7413-7414). 

Another suitable method of introducing DNA is electroporation, where the cells are 
permeabilized reversibly by an electrical pulse. Electroporation techniques are de- 

40 scribed in Fromm et al. (1985) Proc Natl Acad Sci USA 82:5824. PEG-mediated trans- 
formation and electroporation of plant protoplasts are also discussed in Lazzeri P 
(1995) Methods Mol Biot 49:95-106, Preferred general methods v^ich may be men- 
tioned are the calctum-phosphate-mediated transfection, the DEAE-dextran-mediated 
transfection, the cationic lipid-mediated transfection, electroporation, transduction and 

45 infection. Such methods are known to the skilled worker and described, for example, in 
Davis et al.. Basic Methods In Molecular Biology (1986). For a review of gene transfer 
methods for plant and cell cultures, see, Fisk et al (1993) Scientia Horticulturae 55:5- 
36 and Potrykus (1990) CIBA Found Symp 154:198. 
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Methods are known for introduction and expression of heterologous genes in both 
monocot and dicot plants. See, e.g.. US 5,633,446, US 5.317,096, US 5,689.052, US 
5,159,136, and US 5,679,558; Weising et al. (1988) Ann. Rev. Genet 22: 421-477. 
Transformation of monocots In particular can use various techniques including electro- 
5 poration (e.g.» Shimamoto et af. (1992) Nature 338:274-276; biolistics (e.g., EP-A1 
270,356): and Agrobacterium (e.g,. Bytebier et al. (1987) Proc Natl Acad Sci USA 
84:5345-5349), In particular, Agrobacterium mediated transformation is now a highly 
efficient transformation method in monocots (Hiei et al. (1994) Plant J 6:271-282). As- 
pects of the invention provide an expression vector for use in such transformation 

10 methods which is a disarmed Agrobacterium Ti plasmid. and an Agrobacterium tume- 
faciens bacteria comprising such an expression vector. The generation of fertile trans- 
genic plants has been achieved using this approach in the cereals rice, maize, wheat, 
oat, and bariey (reviewed In Shimamoto K (1994) Current Opinion In Biotechnology 
5:158-162; Vasil et al. (1992) Bion"echnology 10:667-674; Vain et al. (1995) Biotech- 

15 nology Advances 13(4):653-671; Vasil (1996) Nature Biotechnology 14:702; Wan & 
Lemaux (1994) Plant Physiol. 104:37-48) 

Other methods, such as microprojectile or pari:icle bombardment (US 5.100,792. EP-A- 
444 882. EP-A-434 616), electroporation (EP-A 290 395^ WO 87/06614), microinjection 

20 (WO 92/09696, WO 94/00583, EP-A 331 083. EP-A 175 966, Green et al. (1987) Plant 
Tissue and Cell Culture, Academic Press) direct DNA uptake (DE 4005152, WO 
90/12096, US 4,684,611), liposome mediated DNA uptake (e.g. Freeman et al. (1984) 
Plant Cell Physiol 2 9:1353), or the vortexing method (e.g., Kindle (1990) Proc Natl 
Acad Sci USA 87:1228) may be preferred where Agrobacterium transformation is inef- 

25 ficient or inefTective, 

In particular, transformation of gymnospemns, such as conifers, may be performed us- 
ing particle bombardment 20 techniques (Clapham D et al. (2000) Scan J For Res 15: 
151-160). Physical methods for the transformation of plant cells are reviewed in Oard, 
30 (1991) Biotech. Adv. 9 :1-11. Alternatively, a combination of different techniques may 
be employed to enhance the efficiency of the transformation process, e.g- bombard- 
ment with Agrobacterium coated mlcropartlcles (EP-A-486234) or microprojectlle bom- 
bardment to induce wounding followed by co-cultivation with Agrobacterium (EP-A- 
486233) . 

In plants, methods for transforming and regenerating plants from plant tissues or plant 
cells with which the skilled worker is familiar are exploited for transient or stable trans- 
formation. Suitable methods are especially protoplast transformation by means of poly- 
ethylene-glycol-induced DNA uptake, biolistic methods such as the gene gun ("particle 
40 bombardment' method), electroporation, the incubation of dry embryos in DNA- 
containing solution, sonication and microinjection, and the transformation of intact cells 
or tissues by micros or macroinjection into tissues or embryos, tissue electroporation, or 
vacuum infiltration of seeds. In the case of injection or electroporation of DNA into plant 
cells, the plasmid used does not need to meet any particular requirement Simple 
45 plasmids such as those of the pUC series may be used, if intact plants are to be re- 
generated from the transformed cells, the presence of an additional selectable marker 
gene on the plasmid is useful. 

In addition to these "direct" transfonmation techniques, transformation can also be car- 
50 ried out by bacterial infection by means of Agrobacterium tumefaciens or Agrobacte- 
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rium rhizogenes. These strains contain a pJasmid (Ti or Ri plasmid). Part of this plas- 
mid. tenmed T-DNA (transferred DMA), Is transferred to the plant following agrobacteria 
infection and integrated into the genome of the plant cell. 

5 For Agrobacterium-mediated transformation of plants, the DMA construct of the inven- 
tion may l>e combined with suitable T-DNA flanking regions and introduced into a con- 
ventional Agrobacterium tumefaciens host vector. The virulence functions of the A. 
tumefaclens host will direct the insertion of a transgene and adjacent marker gene(s) (if 
present) into the plant cell DNA when the cell is infected by the bacteria. Agrobacterium 

10 tumefaciens-mediated transformation techniques are well described in the scientific 
literature. See. for example, Horsch et al. (1984) Science 233:496-498, Fraley et aL 
(1983) Proc Natl Acad Set USA 80:4803^807. Hooykaas (1989) Plant Mol Biol 13:327- 
336, Horsch RB (1986) Proc Natl Acad Sci USA 83(8):2571-2575), Bevans et al, 
(1983) Nature 304:184-187, Bechtold et al. (1993) Comptes Rendus De L'Academie 

15 Des Sciences Serie IH-Sciences De La Vie-Life Sciences 316:1 194-1 199, Valvekens et 
al. (1 9B8) Proc Natl Acad Scl USA 85:6536-5540. 

The DNA construct is preferably integrated Into specific plasmids, either into a shuttle, 
or intermediate, vector or into a binary vector). If, for example, a Ti or RI plasmid is to 

20 be used for the transformation, at least the right border, but fn most cases the right and 
the left border, of the Ti or Ri plasmid T-DNA is linked with the expression cassette to 
be introduced as a flanking region. Binary vectors are preferably used. Binary vectors 
are capable of replication both in E. coll and in Agrobacterium. As a rule, they contain a 
selection marker gene and a linker or polylinker flanked by the right or left T-DNA flank- 

25 ing sequence. They can be transformed directly into Agrobacterium (Holsters et al, 
(1978) Mol Gen Genet 163:181-187). The selection maricer gene permits the selection 
of transformed agrobacteria and is, for example, the DAAO gene of the invention,, 
which imparts resistance to - for example - D-alanine or D-serine, The agrobacterium, 
which acts as host organism in this case, should already contain a plasmid with the vir 

30 region. The latter is required for transfening the T-DNA to the plant cell An agrobacte- 
rium thus transformed can be used for transforming plant cells. 

Many strains of Agrobacterium tumefaclens are capable of transferring genetic material 
- for example the DNA construct according to the invention -, such as. for example; the 
35 strains EHA101[pEHA101] (Hood EE et al. (1996) J Bacterid 16a(3):129M301), 
EHA105tpEHA105J (Hood et al. 1993, Transgenic Research 2, 208-218), 
LBA4404[pAL4404I (Hoekema et aL (1983) Nature 303:179-181), C58Cl[pMP90] 
(Koncr and Schell (1986) Mot Gen Genet 204.383-398) and C58C1[pGV22601 (De- 
blaere et al. (1985) Nucl Acids Res. 13, 4777-4788). 

40 

The agrobacterial strain employed for the transformation comprises, in addition to its 
disarmed Ti plasmid, a binary plasmid with the T-DNA to be transferred, virfiich, as a • 
rule, comprises a gene for the selection of the transformed cells and the gene to be 
transferred. Both genes must be equipped with transcriptional and translationat Initia- 
45 tion and termination signals. The binary plasmid can be transfen-ed into the agrobacte- 
rial strain for example by electroporation or other transformation methods (Mozo & 
Hooykaas (1991) Plant Mo! Biol 16:917-918). Co-culture of the plant explants with the 
agrobacteria! strain is usually perfomned for two to three days. 
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A variety of vectors could, or can, be used. In principle, one differentiates between 
those vectors which can be employed for the agrobacterium-mediated transformation 
or agroinfecllon, I.e. which comprise the DMA constnjct of the invention within a T- 
DNA, which indeed pemiits stable integration of the T-DNA Into the plant genome 
5 Moreover, border-sequence-free vectors may be employed, which can be transformed 
into the plant cells for example by particle bombardment, where they can lead both to 
transient and to stable expression. 

The use of T-DNA for the transformation of plant cells has been studied and described 
10 intensively (EP-A1 120 516; Hoekema. In: The Binary Plant Vector System. Offset- 
drukkeru Kanters B. V., Alblasserdam, Chapter V; Fraley et al. (1985) Crit Rev Plant 
Sci 4:1-45 and An et al. (1985) EMBO J 4:277-287). Various binary vectors are known 
some of which are commercially available such as. for example. pBIN19 (Clontech 
Laboratories, Inc. USA). 

15 

To transfer the DNA to the plant cell, plant explants are cocultured with Agrobaclerium 
tumefaciens or Agrobactertum rhizogenes. Starting from infected plant material (for 
example leaf, root or stalk sections, but also protoplasts or suspensions of plant cells) 
intact plants can be regenerated using a suitable medium which may contain for ex- 
20 ample, antibiotics or blocides for selecting transfonned cells. The plants obtained can 
then be screened in the presence of the DNA introduced, in this case the DNA con- 
struct according to the Invention. As soon as the DNA has integrated into the host ge- 
nome, the genotype in question is. as a njle, stable and the insertion in question is also 
found in the subsequent generations. Preferably the stably transfonned plant is se- 
lected using the method of the invention (however other selection schemes employing 
other selection mariners comprised in the DNA construct of the invention may be used) 
The plants obtained can be cultured and hybrideed in the customary feshton Two or 
more generations should be grown in order to ensure that the genomic integration is 
stable and hereditary. 

The abovementloned methods are described, for example, in B. Jenes et al Tech- 
"Il"!f Transfer, in: Transgenic Plants. Vol. 1, Engineering and Utilization, 

edited by SO Kung and R Wu, Academic Press (1993), 128-143 and in Potrykus (1991) 
Annu Rev Plant Physiol Plant Motec Biol 42:205-225). The constmct to be expressed is 
preferably cloned Into a vector which is suitable for the transfomiatlon of Agrobacterium 
tumefaciens, for example pBln19 (Sevan et al. (1984) NucI Acids Res 12:8711). 

The DNA construct of the invention can be used to confer desired traits on essentially 
any plant. One of skill will recognize that after DNA constmct is stably Incorporated in 
transgenic plants and confirmed to be operable, it can be introduced into other plants 
by seiojal crossing. Any of a number of standard breeding techniques can be used 
depending upon the species to be crossed. 

VII. Regeneration of Transgenic Plants 

Transfonned cells, i.e. those which comprise the DNA integrated Into the DNA of the 
L.,^"^.^ selected from untransformed cells preferably using the selection 
method of the invention. As soon as a transfonned plant cell has been generated an 
intact plant can be obtained using methods known to the skilled worker For example 
callus cultures are used as starting material. The formation of shoot and root can be 
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induced In this as yet undifferentiated cell blomass in the known fashion. The shoo 
obtained can be planted and cultured. 

Transformed plant cells, derived by any of the above transformation techniques, can b 
5 cultured to regenerate a whole plant which possesses the transformed genotype am 
thus the desired phenotype. Such regeneration techniques rely on manipulation of cer 
tain phytohonmones fn a tissue culture growth medium, typically relying on a biocldc 
and/or herbicide marker that has been introduced together with the desired nucleotide 
sequences. Plant regeneration from cultured protoplasts is described In Evans et al., 

10 Protoplasts Isolation and Culture, Handbook of Plant Ceil Culture, pp. 124176, Macmil- 
lian Publishing Company, New York (1983); and in Binding, Regeneration of Plants, 
Plant Protoplasts, pp, 21-73, CRC Press, Boca Raton (1985). Regeneration can also 
be obtained from plant callus, explants, somatic embryos (Dandekar et af. (19B9) J 
Tissue Cult Meth 12:145; McGranahan et al. (1990) Plant Cell Rep 8:512), organs, or 

15 parts thereof. Such regeneration techniques are described generally in Klee et al, 
(1987) Ann Rev Plant Physiol 38:467-486. Other available regeneration techniques are 
reviewed in Vasil et al., Cell Culture and Somatic Cell Genetics of Plants , Vol I, II, and 
III, Laboratory Procedures and Their Applications, Academic Press, 1984, and Weiss- 
bach and Weissbach, Methods for Plant Molecular Biology, Academic Press, 1989. 

20 

Vlil. Generation of descendants 

After transformation, selection and regeneration of a transgenic plant (comprising the 
DMA construct of the invention) descendants are generated, which - because of the 
activity of the excision promoter - underwent excision and do not comprise the marker 
25 sequence(s) and expression cassette for the endonuclease. 

Descendants can be generated by sexual or non-sexual propagation. Non-sexual 
propagation can be realized by introduction of somatic embryogenesis by techniques 
well known in the art. Preferably, descendants are generated by sexual propagation / 
30 fertilization. Fertilization can be realized either by setting (self-pollination) or crossing 
with other transgenic or non-transgenic plants. The transgenic plant of the invention 
can herein function either as maternal or paternal plant. 

After the fertilization process, seeds are harvested, germinated and grown into mature 
35 plants. Isolation and identification of descendants which underwent the excision proc- 
ess can be done at any stage of plant development Methods for said identification are 
well known in the art and may comprise - for example - PCR analysis^ Northern blot, 
Southern blot, or phenotypic screening (e.g., for an negative selection marker). 

40 Descendants may comprise one or more copies of the agronomically valuable trait 
gene. Preferably, descendants are isolated which only comprise one copy of said trait 
gene. 

In a preferred embodiment the transgenic plant made by the process of the invention is 
45 marker-free. The terms "marker-free" or ''selection marker free** as used herein with 
respect to a cell or an organisms are intended to mean a cell or an organism which is 
not able to express a functional selection marker protein (encoded by expression cas- 
sette b; as defined above) which was inserted into said cell or organism in combination 
with the gene encoding for the agronomically valuable trait. The sequence encoding 
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said selection marker protein may be absent in part or --preferably - entirely. Further- 
more the promoter operably linked thereto may be dysfunctional by being absent in 
part or entirely. 

5 The resulting plant may however comprise other sequences which may function as a 
selection marker For example the plant may comprise as a agronomlcally valuable trait 
a herbicide resistance confening gene. However, it is most preferred that the resulting 
plant does not comprise any selection marker. 

10 Also in accordance with the Invention are cells, cell cultures, parts - such as, for exam- 
ple, in the case of transgenic plant organisms, roots, leaves and the like - derived from 
the above-described transgenic organisms, and transgenic propagation material (such 
as seeds or fruits). 

15 Genetically modified plants according to the invention which can be consumed by hu- 
mans or animals can also be used as food or feedstuffs, for example directly or follow- 
ing processing known per se. Here, the deletion of, for example, resistances to antibiot- 
ics and/or herbicides, as are frequently introduced when generating the transgenic 
plants, makes sense for reasons of customer acceptance, but also product safety. 

20 

A further subject matter of the invention relates to the use of the above-described 
transgenic organisms according to the Invention and the cells, cell cultures, parts — 
such as, for example, in the case of transgenic plant organisms, roots, leaves and the 
like - derived from them, and transgenic propagation material such as seeds or fruits, 
25 for the production of food or feedstuffs, pharmaceuticals or fine chemicals. Here again, 
the deletion of, for example, resistances to antibiotics and/or herbicides is advanta- 
geous for reasons of customer acceptance, but also product safety. 

Fine chemicals is understood as meaning enzymes, vitamins, amino acids, sugars, 
30 fatty adds, natural and synthetic flavors, aromas and colorants. Especially preferred is 
the production of tocopherols and tocotrienols, and of carotenoids. Culturing the trans- 
fonned host organisms, and isolation ft^om the host organisms or from the culture me- 
dium, is performed by methods known to the skilled worker. The production of pharma- 
ceuticals such as, for example, antibodies or vaccines, is described by Hood EE, Jilka 
35 JM. (1999) Cun- Opin BiotechnoL 10(4):382-386; Ma JK and Vine ND (1999) Curr Top 
Microbiol lmmunol.236:275-92). 

Various further aspects and embodiments of the present invention will be apparent to 
those skilled in the art in view of the present disclosure, AH documents mentioned in 
40 this specification are incorporated herein in their entirety by reference. Certain aspects 
and embodiments of the invention will now be illustrated by way of example and with 
reference to the figure described below- 
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IX. Sequences 



I. SEQiDN0:1: Nucleic acid sequence encoding D-amino acid oxidase fron 

Rhodosporidium toruloides (Yeast) 

5 

2. SEQ ID NO:2! Amino acid sequence encoding i>amjno acid oxidase fronn 

Rhodosporidium toruloides (Yeast) 

3. SEQ ID NO:3: Nucleic acid sequence encoding D-amino acid oxidase from 
10 Caenorhabditis elegans 

4. SEQ ID NO:4: Amino acid sequence encoding D-amino acid oxidase from Cae- 

norhabditis elegans 

15 5. SEQ ID NO:5: Nucleic acid sequence encoding D-amino acid oxidase from Nec- 

tria haematococca 

6. SEQ ID NO:6: Amino acid sequence encoding D-amtno acid oxidase from Nec- 

tria haematococca 

20 

7. SEQ ID NO:7: Nucleic acid sequence encoding Diamine acid oxidase from 

Trigonopsis variabiiis 

8. SEQ ID N0:8: Amino acid sequence encoding D-amino acid oxidase from Tri- 
25 gonopsts variabilis 

9. SEQ ID N0:9: Nucleic acid sequence encoding D-amino acid oxidase from 

Schizosaccharomyces pombe (fission yeast) 

30 10. SEQ ID NO:10: Amino acid sequence encoding Domino acid oxidase from 

Schizosaccharomyces pombe (fission yeast) 

II. SEQ ID N0:11: Nucleic acid sequence encoding D-amino acid 0)ddase from 

Streptomyces coelicoiorA3(2) 

35 

12. SEQ ID NO: 12: Amino acid sequence encoding D-amino add oxidase from 

Streptomyces coelrcolor A3(2) 

13. SEQ ID NO: 13: Nucleic acid sequence encoding D-amino acid oxidase from 
40 Candida boidintt 

14. SEQ ID NO: 14: Amino acid sequence encoding D-amino acid oxidase from Can* 

dida boidinii 

45 
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Nucleic add sequence coding for expression vector STPT GUS 
Nit-P daao (circular plasmid; total length 12334 bp) 



Feature Position (bp) 

RB (Agrobacterium right border) 38 - 1 83 

nos-T (^4o3 terminator) 384 - 63S 

daao (R.gracilis DAAO) 716 - 1 822 

nit 1 - P (nitrilase I promoter) 1886 - 3877 

35SpA (35S terminator) 3767 - 3971 

GUS (int) 0-glucuronidase) 4046 - 6043 

STPT {sTPT promoter) 6097 - 7414 

LB (Agrobacterium left border) 7486 - 7702 



Orientation 
direct 

complemen^ry 
complementary 
complementary 
complementary 
complementary 
complementary 
direct 



16, SEQ ID NO: 16: 



15 



20 



Nucleic add sequence coding for expression vector STPT GUS 
pbcA daao (circular plasmid; total length 1 1385 bp) 



Feature Position (bp) 

RB (Agrobacterium right border) 38 - 1 83 

noS"T .(Nos terminator) 384 - 639 

daao (R-gradlis DAAO) 716 - 1822 

ptxA (pb<A promoter) 1 866 - 2728 

35pA (35S terminator) 2818 - 3022 

GUS (int) (p-glucurom'dase) 3097 - 5094 

STPT (sTPT promoter) 5148 - 6465 

LB (Agrobacterium left border) 6537 - 6753 



Orientation 
direct 

complementary 
complementary 
complementary 
complementary 
complementary 
complementary 
direct 
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X. BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1 : Basic Principle of the dual-function selection marker 

A mixed population consisting of wild-type, non-transgenic plants (gray color) 
5 and transgenic plants comprising the OAAO marker (black color) is treated 

with either D-alanine or D-isoleucine. While the toxic effect of D-alanine on 
non-transgenic plants is detoxified by the transgene-mediated conversion 
(thereby selectively kitling the wild-type plantiets). the non-toxic D-isoleucine is 
converted by the same enzymatic mechanism Into a phytotoxic compound 
10 (thereby selectively killing the transgenic plantiets). 



Fig. 2: Wild-type Arabidopsis thaiiana plantiets (left side) and transgenic plantiets 
comprising the dual function marker (DAAO gene from Rhodotorula gracilis) 
are treated with either 30 mM D-isoIeucine (upper side) or 30 mM D-alanine 
15 (bottom side). A toxic effect of D-isoleucine on the transgenic plants and D- 

alanine on the wild-type plants, respectively, can be observed, while no severe 
damage can be detected on the respective other group, thereby allowing for 
dear distinguishing and easy selection of either transgenic or wild-type plants. 



20 Fig. 3 Effect of various D-amino acids on plant growth. 

WM type Arabidopsis thaiiana plantiets were grown on half-concentrated Mu- 
rashige-Skoog medium (0.5% (wt/vol) sucrose, 0.8% (wt/vol) agar) supple- 
mented with the indicated D-amino add at either 3 mM (Panel A) or 30 mM 
(Panel B). While D-alanine and D-serine are imposing severe phytotoxic ef- 
25 fects even at 3 mM concentrations no significant effects can be observed for 

D-isoleucrne. 

Fig. 4 D-amino acid dose responses of daof transgenic and wild4ype A. thaiiana, 

(a-d) Growth of dao1 transgenic line 3:7 (white), 10:7 (light gray), 13:4 (gray) 
30 and wild-type (black) plants, in fresh weight per plant, on media containing 

various concentratfons of D-serine, D-alanine, D-isoleucine and D-valine in 
half-strength MS with 0.5% (wt/vol) sucrose and 0.8% (wt/vol) agar. Different 
concentration ranges were used for different D-amino acids. The plants were 
grown for 10 d after germination under 16 h photoperiods at 24 °C; n 10 ± 
35 s.e.m., except for plants grown on Dnsoleucine, where smaller Petri dishes 

were used, (/? - 6 ± s.e.m.), 

(e-f) Photographs of dao1 transgenic line 10:7 (e-^h) and wild-type plants (i^l), 
grov^ for 10 d on the highest concentrations of the D-amino acid shown in the 
respective graphs above. All pictures have the same magnification. FW, fresh 
40 weight. 



Fig.: 6 Alignment of the catalytic site of various D-amino acid oxidases 

Multiple alignment of the catalytic site of various D-amino acid oxidases allows 
for detemiination of a characteristic sequence mottf [LIVMHLfVMJ-H*-[NHA]- 
45 Y-G-x-lGSAHGSA]-x-G-X5-G-x-A which allows for easy identification of addi- 

tional D-amino add oxidases suitable to be employed within the method and 
DNA-constructs of the invention. 
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Fig.: 6 Vector map of construct expression vector STPT GUS Nit-P daao (Seq ID NO: 
15; circular plasmid; total length 12334 bp) 



10 



Abbreviation Feature 

RB Agrobacterium right border 

nos-T Nos terminator 

daao R.gracilis DAAO 

nit 1 - P nitrilase I promoter 

aSSpA 35S terminator 

GUS (int) ^-glucuronidase 

STPT sTPT promoter 

LB Agrobacterium left border 



Position (bp) 
38-163 
384-639 
716-1822 
1866-3677 
3767 - 3971 
4046-6043 
6097 " 7414 
7486 -7702 



Orientation 
direct 

complementary 
complementary 
complementary 
complementary 
complementary 
complementary 
direct 



15 



20 



COIE1 
aadA 
repA/pVSI 



C0IEI origin of replication (E.coli) 
Spectomycin/Strepotomyoin resistance 
repA origin of replication (Agrobacterium) 



Furthermore, important restriction sites are indicated with their respective cutting posi- 
tion. The GUS gene is comrpising an intron (int). 

Fig.: e Vector map of constnjct expression vector STPT GUS ptxA daao (SEQ ID 
NO: 16; circular plasmid; total length 11385 bp) 



25 
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Abbreviation Feature 

RB Agrobacterium right border 

nos-T Nos terminator 

daao R.graciiis DAAO 

ptxA ptxA promoter 

35pA 35S terminator 

GUS (int) p-glucuronldase 

STPT sTPT promoter 

LB Agrobacterium left border 



Position (bp) 

38-183 

384 - 639 

716-1822 

1866-2728 

2818-3022 

3097 - 5094 

5148-646S 

6537-6753 



Orientation 
direct 

complementary 
complementary 
complementary 
complementary 
complementary 
complementary 
direct 



35 



40 



C0IEI C0IEI origin of replication (E.coli) 

aadA Spectomycin/Strepotomycin resistance 

fBpA/pVS1 repA origin of repllcatton (Agrobacterium) 

Furthermore. import:ant restriction sites are indicated with tfieir respective cutting posi- 
tion. The GUS gene is comrpising an intron (int). 
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XI. Examples 
General methods: 

The chemical synthesis of oligonucleotides can be effected for example in the know 
manner using the phosphoamidite method (Voet, Voet, 2nd edition, WHey Pres 
New York, pages 896-897). The cloning steps cam'ed out for the purposes of the pre 
sent invention, such as, for example, restriction cleavages, agarose gel electrophore 
sis, purification of DNA fragments, the transfer of nucleic acids to nitrocellulose and 
nylon membranes, the linkage of DNA fragments, the transformation of E. coli cells, 
bacterial cultures, the propagation of phages and the sequence analysis of recombi- 
nant DNA are carried out as described by Sambrook et al. (1989) Cold Spring Harbor 
Laboratory Press; ISBN 0-87969-309*& Recombinant DNA molecules were sequenced 
using an ALF Express laser fluorescence DNA sequencer (Pharmacia, Sweden) follow- 
ing the method of Sanger (Sanger et al. Proa Natl. Acad. Sci\ USA 74 (1977), 6463- 
5467). 

Example 1: Vector construction and plant transformation 

DNA and RNA manipulation were done using standard techniques. The yeast R 
gracilis was grown in liquid culture containing 30 mM D-alanine to induce daol, the 
gene encoding DAAO. Total RNA was Isolated from the yei^st and used for cDNA syn- 
thesis. The PGR primers 



5 '-ATTAGATCTTACTACTCGAAGGACGCCATG-S' and 
5'-ATTAGATCTACAGCGACAATTCCCGCCCTA- 3' 

25 were used to amplify the daol gene from the cDNA template by PGR. The PGR frag- 
ments were sub-cloned into the pGEM-T Easy vector (Promega) and subsequently 
Hgated into the SamHI site of the GaMV 35S expression cassette of the binary vector 
pPCV702kana17 giving pPCV702:cfaof. The vectors were subjected to restriction 
analysis and sequencing to check that they contained the correct constructs. 



Example la: Transformation of Af^bidopsis Uialiana 

A. thaliana plants (ecotype Col-0) were grown in soil until they flowered. Agrobacterium 
tumefaciens (strain GV3101:pMP1l0 RK) transfomied with the construct of interest 
36 was grown In 500 mL in liquid YEB medium (5 g/L Beef extract, 1 g/L Yeast Extract 
(Duchefa), 5 g/L Peptone (Duchefa), 5 g/L sucrose (Duchefa), 0,49 g/L MgS04 
(Merck)) until the ojlture reached an ODeoo 0.8-1 .0. The bacterial cells were harvested 
by centrifugation (15 minutes, 5,000 rpm) and resuspended in 500 mL infiltration solu- 
tion (5% sucrose, 0.05% SILWET L-77 [distributed by Lehle seeds, GatNo. VIS-02I). 

40 

Flowering A. ttialiana plants were then transfomied by the floral dip method (Clough SJ 
& Bent AF (1998) Plant J. 16. 735-743 (1998) with the transgenic Agrobacterium tumefa- 
ciens strain carrying the vector described above by dipping for 10-20 seconds into the 
Agrobacterium solution. AftenA^ards the plants were kept in the greenhouse until seeds 
45 could be harvested. Transgenic seeds were selected by plating surt'ace sterilized seeds 
on growth medium A (4*4g/L MS salts [Sigma-Aldrich], 0.5g/L MES [Duchefa]; 8g/L 
Plant Agar [Duchefa]) supplemented with 50 mg/L kanamycin for plants carrying the 
nptll resistance mari<er, or 0.3 to 30 mlW D-amino acids (as described below) for plants 
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comprising the dual-function marker of the invention. Surviving plants were transferred 
to soil and grown In the greenhouse. 

Lines containing a single T-DNA Insertion locus were selected by statistical analysis of 
5 T-DNA segregation in the T2 population that germinated on kanamycin or D-amIno acid 
-containing medium. Plants with a single locus of inserted T-DNA were grown and self- 
fertilized. Homozygous T3 seed stocks were then identified by analyzing T-DNA segre- 
gation in T3 progenies and confirmed to be expressing the introduced gene by northern 
blot analyses. 

10 

Example lb: Agrobacterium-mediated transformation of Brassica napus 

Agrobactorium tumefaciens strain GV3101 transformed with the plasmid of interest was 
grown in 50 mL YEB medium (see Example 4a) at 28''C overnight. The Agrobacterium 
solution is mixed with liquid co-cultivation medium (double concentrated MSB5 salts 

15 (Duchefa), 30 g/L sucrose (Duchefa), 3.75 mg/l BAP (6-benzylamino purine, Duchefa), 
0.5 g/1 MES (Duchefa), 0.5 mg/l GA3 (Gibberellic Acid, Duchefa); pH5.2) until ODeoo of 
0.5 is reached. Petiole of 4 days old seedlings of Brassica napus cv. Westar grown on 
grov^h medium B (MS85 salts (Duchefa), 3% sucrose (Duchefa), 0.8% oxoidagar 
(Oxofd GmbH); pH 5.8) are cut. Petiols are dipped for 2-3 seconds in the Agrobacte- 

20 rium solution and afterwards put into solid medium for co-cultivation (co-cultivation me- 
dium supplemented with 1.6% Oxoidagar). The co-cultivation lasts 3 days (at 24*^0 and 
-50 jjMol/m^s light intensity). Afterwards petiols are transferred to co-cultivation me- 
dium supplemented with the appropriate selection agent (18mg/L kanamycin 
(Duchefa) for plants comprising the nptll marker kanamycin for plants carrying the nptll 

26 resistance marker, or 0.3 to 30 mM D-amino acids; as described below) for plants 
comprising the dual-function marker of the invention) and 300 mg/L Tlmetin (Duchefa) 

Transformed petioles are incubated on the selection medium for four weeks at 24''C. 
This step is repeated until shoots appear Shoots are transferred to A6 medium (MS 

30 salts (Sigma Aldrich), 20 g/L sucrose, 100 mg/L myo-inositol (Duchefa), 40 mg/L 
adeninesulfate (Sigma Aldrich), 500 mg/L MES, 0.0025 mg/L BAP (Sigma). 5 g/L oxoi- 
dagar (Oxoid GmbH), 150 mg/L tlmetin (Duchefa), 0,1 mg/L IBA (indol butyric acid. 
Duchefa): pH 5,8) supplemented with the appropriate selection agent (18 mg/L kana- 
mycin (Duchefa) for plants comprising the nptll martcer kanamycin for plants carrying 

35 the nptll resistance marker, or 0.3 to 30 mM D-atnino acids; as described below) until 
they elongated. Elongated shoots are cultivated in A7 medium (A6 medium without 
BAP) for rooting. Rooted plants are transferred to soil and grown in the greenhouse. 

Example 1 c: Agrobacterium-mediated transformation of Zea mays 

40 Seeds of certain com inbred lines or corn hybrid lines are genninated, rooted, and fur- 
ther grown In greenhouses. Ears from corn plants are harvested 8 to 14 (average 10) 
days after pollination (DAP) and immature embryos are isolated therefrom. Timing of 
harvest varies depending on grovrth conditions and maize variety. The optimal length of 
immature embryos for transformation is about 1 to 1.5 mm, including the length of the 

45 scutellum. The embryo should be translucent, not opaque. The excised embryos are 
collected in MS based liquid medium (comprising 1.5 mg/L 2,4-D). Aoetosyringone (50 
to 100 jiM) is added to the medium at either the same time as inoculation with 
Agrobacterium or right before use for Agro-infection. 
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Preparation of Agrobacteria: Agrobacteria are grown on YEP medium. The Agrobacte 
rium suspension fs vortexed in the above indicated medium (comprising 100 pM aceto 
syringone media for preferably 1-2 hours prior to infection). 



5 Inoculation / Co-cultivation: The bacterial suspension is added to the microtube (plate) 
containing pre-soaked immature embryos and left at room temperature (20-'25°C) for 5 
to 30 min. Excess bacterial suspension is removed and the immature embryos and 
bacteria in the residue medium are transferred to a Petri plate. The immature embryos 
are placed on the co-cultivation medium vi^ith the flat side down (scutellum upward). 
10 The plate fs sealed, and Incubated in the daric at 22^C for 2-3 days. (Co-cultivation me- 
dium: MS-base, 1.5 mg/l 2,4-D, 15 [iM AgNOa, 100 mM acetosyringone). Alternatively, 
excised immature embryos are directly put on the co-cultivation medium with the flat 
side down (scutellum upward). Diluted Agrobacterium cell suspension is added to each 
immature embryo. The plate is sealed, and incubated in the dark at 22^0 for 2-3 days. 

15 

Recovery: After co-cultivation the embryos are transferred to recovery media (MS-base 
comprising 1,5 mg/l 2,4-D, 150 mg/I Timentin), and incubate the plates in dark at 27**C 
for about 5 to7 days the scutellum side up. 

20 Selection of transfonned calli: The immature embryos are transferred to selection me- 
dia (recovery medium further comprising the selective agent e.g.. D-alanlne In concen- 
tration of 0.3 to 30 mM) (scutellum up) and incubated in the dark at 27^C for 1 0-14 days 
(First selection). All immature embryos that produce variable calli are subcultured to 2- 
3^ selection media. At this stage, any roots that have formed are removed. Incubation 

25 occurs for 2 weeks under the same conditions for the first selection (Second selection), 
The regenerable calli is excised from the scutellum (the regenerable calli is whitish in 
color, compact, not slimy and may have some embryo-like structures) and transferred 
to fresh 2-3"* selection media. Plates are wrapped and incubate In the dark at 27^0 for 
2 weeks (3"^ selection may not be necessary for most of the genotypes, regenerable 

30 calli can be transferred to Regeneration medium). 

Regeneration of transformed plants: Proliferated calli (whitish with embryonic structures 
forming) are excised in the same manner as for 2^^/3^ selection and transferred to r^ 
generation media (like selection medium but without 2.4-D). Plates are wrapped and 

35 put In the light (ca. 2.000 lux) at 25 or 27**C. for 2 weeks, or until shoot-like structures 
are visible. Transfer to fresh regeneration media if necessary. Calli sections with re- 
generated shoots or shoot-like structures are transferred to a Phytatray containing root- 
ing medium and Incubate for 2 weeks under the same condition as above step, or until 
rooted plantlets have developed. After 2 to 4 weeks on rooting media (half- concen- 

40 trated MS medium, no 2,4-D, no selective agent), calli that still have green regions (but 
which have not regenerated seedlings) are transferred to fresh rooting Phytatrays. 
Rooted seedlings are transferred to Metromix soil in greenhouse and covered each 
with plastic dome for at least 1 week, until seedlings have established. When plants 
reach the 3-4 !eaf-stages» they are fertilized with Osmocote and then sprayed with se- 

45 lective agent (e.g., D-alanine or D-serine). and grown In the greenhouse for another 
two weeks. Non-transgenic plants should develop herbiddal symptoms or die In this 
time. Survived plants are transplanted Into lO** pots with MetroMix and 1 teaspoon 
Osmocote. 
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Example 2: Selection analysis. 

Tl seeds of transgenic Arabidopsis plants were surface-sterilized and sown in Petri 
plates that were sealed with gas-pemieable tape. The growth medium was half 
strength MS19 with 0.5% (wt/vol) sucrose and 0.8% (wt/voi) agar, plus 3 mM D- 
s-lanine 3 mM D-serine or 50 pg/mi kanamycin as the selective agent. Plants were 
grown for 5 d after germination with a 16 h photoperiod at 24 "C. To evaluate the selec- 
tion efficiency on different substrates. 2,074, 1.914 and 1.810 Tl seeds were sown on 
D-alanine-. D-serine- and kanamycin-selective plates, respectively, and the number of 
surviving seedlings was counted (44, 32 and 43, respectively). 

Example 3: Enzyme assays 

Soluble proteins were extracted by shaking 0.1 g samples of plant material that had 
been finely pulverized In a 1.5 ml Eppendorf tube In 1 ml of 0.1 M potassium phosphate 
buffer pH 8. DAAO activity was then assayed as follows. Reaction mixtures were pre- 
pared' containing 2,120 pi of 0.1 M potassium phosphate buffer. pH 8, 80 pi of crude 
protein extract and 100 |jl of 0.3 M D-alanine. The samples were incubated for 2 h at 
30 "C. The enzyme activity was then assessed, by measuring the increase in absorb- 
anoe at 220 nm (E = 1.090 M"^ cm"^) associated with the conversion of D-alanine to 
pyruvate, after transferring the test tubes to boiling water for 10 min to stop the reac- 
tion. In control reactions. D-alanine was added immediately before boiling. One unit of 
DAAO activity is defined as the turnover of one micromole of substrate per minute, and 
activity was expressed per gram plant blomass (fresh weight), The breakdown of D- 
isoleucine and D-valine In DAAO incubations, and the associated production of 3- 
methyl-2-oxopentanoate and 3-methyl-2-oxobutanoate, were analyzed by htgh- 
performance liquid chromatography. In other respects the reactions were carried out as 
described above. 

Example 4: Dual-Function Selection Marker 

The qualification of the DAAO enzyme as a dual-function selection marker was demon- 
strated by testing gemiinated Tl seeds on different selective media. The T-DNA con- 
tained both 35S:dao^ and pNos:npf//, allowing D-amino acid and kanamycin selection 
to be compared in the same lot of seeds. 

T1 seeds were sown on medium containing kanamycin (50 pg/ml), D-alantne (3 mM) or 
D-serine (3 mM), and the transformation frequencies found on the different selective 
media were 2.37%, 2.12% and 1.67%. respectively. D-alanine had no negative effect 
on the transgenic plants, even at a concentration of 30 mM. but at this concentration, 
D-serine induced significant growth inhibition. Fewer transgenic plants were found after 
selection on 3 mM D-serine because the compound slightly inhibited the growth of the 
transgenic plants at this concentration. 

Further studies using lower concentrations con-oborated this conclusion, and efficient 
selection using D-serine was achieved on concentrations lower than 1 mM (Fig. 4a). 
Progeny from the transgenic lines selected on D-serine and D-alanine were later con- 
fimied to be kanamycin resistant, hence ensuring there would be no wild-type escapes 
from these lines. 

Selection of seedlings on media containing D-alanlne or D-serine was very rapid com- 
pared to selection on kanamycin. These D-amino acids Inhibited growth of wild-type 
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plants Immediately after the cotyledons of wild-type plants had emerged. Therefon 
transfonnants could be distinguished from non-transfonued plants directly after gemi 
nation. The difference between wild-type and transgenic plants after D-amino acid se 
lection was unambiguous, with no mtennediate phenotypes. In contrast, intennedFat 
5 phenotypes are common when kanamycin resistance is used as a selection marker 
Furthermore, wild-type seedlings were found to be sensitive to sprayed applications o 
D-serine and D-alanine. One-week-old seedlings were effectivety killed when sprayec 
on three consecutive days with either 50 mM D-senne or D-alanine, although the sensi- 
tivity of wild-type plants rapidly decreased with age, presumably because as the cuticle 
10 and leaves became thicker, uptake by the leaves was reduced. Transgenic seedlings 
were resistant to foliar application of O-aianine or D-serine. so selection on soil was 
possible. 

Transgenic plants grown under D-alanine and D~serine selection conditions developed 
15 normally. Early development of transgenic plants from fine 3:7, 10:7 and 13:4 was 
compared with that of wild-type plants by cultivation on vertical agar plates. No differ- 
ences in biomass, number of leaves, root length or root architecture were detected for 
the different sets of plants. Furthermore, soH-^ultivated wild-type and transgenic plants 
(line 1 0:7) showed no differences in the total number of rosette leaves, number of inflo- 
20 rescences and number of srliqua after 4 weeks of growth. 

Also, the phenotypes of 17 individual T1 lines, which were picked for T-DNA segrega- 
tion, were studied and found indistinguishable from that of wild type when grown on 
soil. A problem sometimes encountered after selection on antibiotics is the growth lag 

25 displayed by transformants. This phenomenon is explained as an inhibitory effect of the 
antibiotic on the transgenic plants (Llndsey K & Gallois P (1990) J, Exp. Bot 41, 529- 
536). However, unlike seedlings picked from antibiotic selection plates, transgenic 
seedlings picked from D-amino acid selection plates and transferred to soil were not 
hampered in their growth and development, even temporarily. A possible reason for 

30 this difference is that the DAAO scavenging of D-amIno acids may effectively remove 
the D-amino add in the plants. Furthermore, D-alanine and D-serine may merely pro- 
vide additional growth substrates, because their catabolic products are carbon and 
nitrogen compounds that are central compounds in plant metabolism. Quantification of 
c^aof mRtsIA from six independent D-alanine- and D-serine-resistant lines showed a 

35 range of different expression levels mirrored in a range of different DAAO activities. In 
spite of these differences in mRNA levels and enzyme activities, no phenotypic varia- 
tion associated with the D-serine and D-alanine treatment was found, suggesting that 
the DAAO marker is effective over a range of expression levels. As described above, 
D-isoleucine and D-valine were found to inhibit growth of the transgenic plants, but not 

40 the wild-type plants- 

Therefore, plants containing the construct were tested as described above on two sets 
of media, one containing D-isoleucine and the other containing D-valine at various con- 
centrations, to assess whether DAAO could also be used as a counter-selection 
45 marker. Unambiguous counter-selection selection was achieved when seeds were 
sown on either D-isoleucine or D-valine at concentrations greater than 10 mM (Fig. 4 
c.d). 

Thirteen individual lines expressing DAAO were tested for their response to D- 
50 isoleucine and all of them were effectively killed, virfiereas wild-type plants grew well. 
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with no sign of toxicity. Similar results were obtained for D-valine. although this com- 
pound was found to have a moderately negative effect on wild-type plants at higher 
concentrations (Fig. 4 d). The l<eto acid produced in DAAO catabolism of D-isoleucine 
is the same as that formed when L-isoleucine is metabolized by the endogenous 
branched-chain amino acid transaminase [EC: 2.6.1.421. namely 3-methyl-2- 
oxopentanoate (Kyoto Encyclopedia of Genes and Genomes, metaboilc pathway web- 
site, http://www.genome.ad.jp/ kegg/metabolism.html). 

Presumably endogenous transaminase may be specific for the L-enantiomer, so the 
corresponding D-enantiomer is not metabolized in wildtype plants, but only In plants 
expressing D/\AO. The negative effects of L-isoleucine (but not of the D-fonn) ob- 
served on wildtype plants, supports this speculation. Incubation of cell-free extracts 
from daol transgenic line 10:7 with D-Isoleucine and D-valine resulted in 15-fold and 7- 
fold Increases In production of 3-methyl-2-oxopentanoate and 3-methyl-2- 
oxobutanoate, respectively, compared to extracts of wild-type plants. Further, 3-methyl' 
2-oxopentanoate and 3- methyl-2-oxobutanoate impaired growth of A. thaiiana, cor- 
roborating the suggestion that these compounds, or products of their metabolism, are 
responsible for the negative effects of D-isoleucine and ID-valine on the transgenic 
plants. 

The toxicity of some D-amino acids on organisms is not well understood, and has only 
occasionally been studied in plants (Gamburg KZ & Rekoslavskaya Nl (1991) 
Fiziologiya Rastenii 38, 1236-1246). Apart from A thaiiana, we have also tested the 
susceptibility of other plant species to D-serine, including poplar, tobacco, barley, 
maize, tomato and spruce. We found all tested species susceptible to D-senne at con- 
centrations similar to those shown to be toxic for A thaiiana. A proposed mechanism 
for D-serine toxicity in bacteria is competitive Inhibition of a-alanine coupling to pantoic 
acid, thus inhibiting formation of pantothenic acid (Cosloy SD & McFali E (1973) J. Bac- 
terioi 1 14. 685-694). It is possible to alleviate D-serine toxicity in D-serine- sensitive 
strains of Escherichia ooli by providing pantothenic acid or §-alanlne in the medium, but 
D-serine toxicity in A thaiiana could not be mitigated using these compounds. A sec- 
ond putative cause of D-amino acid toxicity is through competitive binding to tRNA. 
Knockout studies of the gene encoding D-Tyr-lRNATyr deacylase in E. co// have shown 
that the toxicity of D-tyrosine increases in the absence of deacylase activity (Soutounna 
J et al. (1996) J. BioL Chem. 274. 19109-19114). indicating that D-amIno acids inter- 
fere at the tRNA level. Genes similar to that encoding bacterial deacylase have also 
been identified in A. thaiiana (Soutourina J et al. (1996) J. Biol. Chem. 274. 19109^ 
19114). con-oborating the possibility that the mode of toxic action of D-amino acids 
might be through competitive binding to tRNA. 

Example 5: Constructs useful for carrying out the Invention 

Two expression constructs are constaicted for carrying out the present invention (SEQ 
ID NO: 15. 16). The backbone of both plasmid constmcts (pSUN derivative) contains 
origins for the propagation in £. coli as well as In Agrobacterium and an aadA expres- 
sion cassette (confening spectlnomycin and streptomycin resistance) to select for 
transgenic bacteria cells. The sequences for constmcting the DNA constructs are am- 
plified Incorporating the appropriate restriction sites for subsequent cloning by PGR. 
Cloning was done by standard methods as described above. The sequence of the con- 
structs is verified by DNA sequence analysis. 
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The first DMA construct (SEQ ID NO: 15) comprises an expression cassette for the 0 
amino acid oxidase (DAAO) from Rhodotorula gracilis under control of the Arabidopsi 
thaliana Nitrilase promoter (SEQ ID NO: 15; base pair 1866 - 3677, compIementar> 
orientation). Further comprised is an expression cassette for the p-glucuronidase whicl* 
5 may function as a substitute for an agronomically valuable trait under control of th€ 
Ar&bidopsis sTPT promoter (i.e. TPT promoter truncated version, WO 03/006660; SEQ 
ID NO: 27 cited therein), and the CaMV 358 temiinator. 

The second DNA construct (SEQ ID NO: 16) comprises an expression cassette for the 
10 D-amino acid oxidase (DAAO) from Rhodotorula gracilis under control of the Pisum 
sativum ptxA promoter (SEQ ID NO: 16; base pair 1866 - 2728, complementary orien- 
tation). Further comprised is an expression cassette for the p-glucuronidase which may 
function as a substitute for an agronomically valuable trait under control of the Arabh 
dops/s sTPT promoter (I.e. TPT promoter truncated version, WO 03/006660; SEQ ID 
15 NO: 27 cited therein), and the CaMV 35S temiinaton 

Transgenic Arabidopsis, Brassica napus, and Zea mays plants are generated as de- 
scribed above using either construct I (SEQ ID NO: 15) or construct il (SEQ ID NO: IS) 
for Agrobacterium mediated transformation. Transgenic plants are selected using the 
20 negative selection marker property of the D-amino acid oxidase on medium comprising 
0-3, 3 or 30 mM D-alanine (or D-serine). Resulting transgenic plants are setfed to ot>- 
tain homozygous plants. Homozygous plants are propagated over 2 to 3 generations to 
ensure stability of the transgenic insertion. 

25 Seeds of transgenic plants are mixed with seeds of the corresponding non-transgenic 
line (used for transformation). Various proportions of transgenic versus non-transgenic 
seeds are used (1:1» 1:10, 1: 100). 

Seeds are sown on standard soil under green-house conditions. After germination, 
30 developing plantlets were sprayed at various developmental steps with preparations of 
D-isoleucine (final concentration of 10 mM, 20 mM, 30 mM. respectively in isotonic salt 
solution, pH 7.0). 

None of the transgenic plants (detectable by GUS staining) is able to reach maturity 
35 under the above described conditions, while non-transgenic plants are unaffected by 
the treatment. Alternatively solutions of racemic D/L-isoleucine can be employed. 



Try •r^ 
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Claims 

1 A method for preventing and/or suppressing growth of transgenic plants, which were 
grown on a field, in subsequent seasons among a population of other plants on said 
field or neighboring fields comprising the steps of: 

i) providing seeds of a transgenic plant comprising at least one first expression 
cassette comprising a nucleic add sequence encoding a D-amino acid oxidase 
ooerably linked with a promoter allowing expression in plants, in combination with 
at least one second expression cassette suitable for conferring to said plant an 
agronomicaliy valuable trait, and 

li) in a first season sowing said seeds on a field, growing said transgenic plants, and 
harvesting the resulting plant products, 

ill) providing at least one compound M, which Is non-phytotoxic or moderately phyto- 
toxic against plants not comprising a transgenic expression cassette for a D- 
amlno acid oxidase, wherein said compound M can be metabolized by said O- 
amino acid oxidase into one or more compound(s) N which are phytotoxic or 
more phytotoxic than compound M, and 

iil) in a subsequent season preventing and/or suppressing growth of said transgenic 
plants on iid field or neighboring fields or areas, where other plante are grown 
or growing not comprising a transgenic expression cassette for a D-amino acid 
oxidase by treating said fields or areas with said compound M In a concentration, 
which is non-phytotoxic against said other plants, but which is - in consequence 
of the metabolization into compound(s) N - phytotoxic against said transgenic 
plants thereby selectively preventing or suppressing growth of said transgenic 
plants. 

2 The method of Claim 1 wherein said second compound M Is comprising a D-amino 
' add structure selected from the group consisUng of iD-isoleudne. D-valme, D- 
asparaglne. D-leuclne, D-lysine. D-proline, and D-giutamine. and derivatives thereof. 

3. The method of Claim 1 or 2 wherein said second compound M Is selected from the 
group consisting of D-lsoleucine and D-vallne. 

4 The method of any of Claim 1 to 3. wherein said D-amino add oxidase expressed 
■ from said first expression cassette has preferably metabolizing activity against at 
least one D-amino acid and comprises the following consensus sequence: 

[LIVM]-[LIVM]-H*-INHA]-Y-G-X-[GSAH©SAhx-G'Xs-G-X-A 

wherein the amino acid residues given in brackets represent alternative residues for 
the respective position, x represents any amino add residue, arid indices numbers 
indicate the respective number of consecutive amino add residues. 



7. p. Fig + Seq 
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5. The method of any of Claim 1 to 4, wherein said D-amino acid oxidase is describee 
by a sequence of the group consisting of sequences described by GenBank oi 
SwisProt Acc.No- JX0152, 001739, 033145. O35078, 045307, P00371, P14920, 
P18894. P22942, P24552, P31228, P80324. Q19564. Q28382, Q7PWX4, 
5 Q7PWY8> Q7Q764. Q7SFW4, Q7Z312, Q82MI8, Q86JV2, Q8N552, Q8P4M9, 
Q6PG95, Q8R2R2, Q8$ZN5, Q8VCW7, Q921M5, Q922Z0, Q95XG9, Q99042, 
Q99489, Q9C1L2, Q9JXF8, Q9V5P1, Q9VIV180. Q9X7P6, Q9Y7N4. 09Z1M5. 
Q9Z302, and U60066. 

10 6. The method of any of Claim 1 to 5 wherein said D-amino acid oxidase is selected 
from the group of amino add sequences consisting of 

a) the sequences described by SEQ ID NO: 2, 4, 6, 8, 10, 12, and 14, and 

15 b) the sequences having a sequence homology of at least 40% with a sequence as 
described by SEQ ID NO; 2, 4, 6, 8, 10, 12, and 14, and 

c) the sequences hybridizing under low or high stringency conditions with a se- 
quence as described by SEQ ID NO: 2, 4, 6, 8, 10, 12, and 14. 

7. A selective herbiddal composition comprising at least one compound M, wherein M 
is comprising a D-amIno add structure selected from the group consisting of D- 
isoieucine, D-valine, D-asparagine, D-ieucine. D-lysine, D-proHne, and D-glutamine, 
and derivatives thereof. 

8. The selective herbicidal composition of Claim 7, comprising at least one compound 
selected from the group consisting of D4soleudne, Ovalinei and derivatives thereof. 

9. Use of a compound M as defined in Claim 7 or 8 or a selective herbicidal composi- 
30 tion of Claim 7 or 8 to prevent or suppress unwanted growth of transgenic plants. 
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POST HARVEST CONTROL OP GENETICALLY MODIFIED CROP GROWTH EM- 
PLOYING D-AMINO ACID COMPOUNDS 

SUMMARY OF THE INVENTION 

5 

The invention relates to a method for preventing and/or suppressing growth of trans- 
genic plants comprising a transgenic expression cassette for a D-amIno acid oxidase, 
which are grown on a field, in subsequent seasons among a population of other plants 
on said field or neighboring fields based on selective Wiling of the transgenic plants by 
10 applicaton of a D-amino acid (e.g. pHsoleucine) which Is metabolized by said D-amino 
acid In said transgenic plants into a phytotoxic compound. 
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SEQUENCE IiISTiNG 



<110> BASF Plant Science GW^H 
SvreTree Technologies AS 



<120> POST HARVEST CONTROL OF GENETXCAU.Y MODIFIED CROP GROWTH EM 
10 PLOYING D-AMINO ACID COMPOUNDS GROWTH EM- 

<13 0> PF 55447 EP 



<X60> 



<170> Pateatin version 3.1 



<2±o> 1 

20 <2ix> 1160 

<212> DMA 

<213> Rhodospoxidiura toruloides 



30 



35 



<:220> 

25 <221> CDS 

<222> (1)..{1104) 

<223> coding for DAAO 

<400> 1 

m!^ «T ;r ''^^ ate ggt 

Met Hxs Ser Gin lore Arg Val Val Val Leu Gly Ser Gly Val He G^y 

^ • " 15 

ctg age age gee ete ate etc get egg aag ggc tae age gtg eat att 
Leu Ser Ser Ala Leu He Leu Ala Arg Lya Gly Tyr Ser Val His xie 

etc gcg ege gao ttg eeg gag gae gte teg age eag aet ttc get tea 
Leu Ala Arg Asp Leu Pro Glu Asp Val Ser ser Gin Thr Phe Ala Ser 

40 45 

pro Trp Ala Gly Ala Aan Trp T»xr Pro Pi.e Met Thr Leu Thr Lp It 

^° 55 60 

cct ega caa gca aaa tgg gaa gaa teg act ttc aag aag tga «te aacr 
.ro ^g cm ^a Lya Xrp Glu Glu ser Thr Phe Ly! Lyf ^ tl 

70 75 
45 ttg gtc ccg acg ggc cat gcc atg tgg etc aag ggg acg agg egg ttc 
Leu val pro Thr Gly Hia Ala Met Trp Leu Lys Gly Th! A^g 

95 



40 



48 



96 



144 



192 



240 



286 



^KJ^trt ni_t 
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15 



20 



gcg cag 
Ala Gin 

cca aat 
Pro Asn 

ggc gta 
Gly val 

13 0 

tac ctt 
Tyr lieu 
145 

acc gtt 
Thr Val 

aac get 
A&TL Ala 

gcG gcc 
Ala Ala 



25 



30 



35 



40 



45 



aag cga 

liys Arg 
210 
att ccc 
He pro 
225 

gga gac 
Gly Asp 

aag cac 
Lya His 

gaa ggc 
Glxk Gly 

cga ggc 
Arg Gly 

egg aca 
Arg Tbr 
305 

aag gag 
Lys Glu 

gga tab 
Gly Tyr 



aac gaa 
Asn. Gl-u 
100 
tac cgc 
Tyr Arg 
115 

acc tac 
Thr Tyr 

gca aga 
Ala Arg 

acg teg 
Thr Ser 

acg gga 
T3ir Gly 
180 
gag cca 
Glu Pro 
195 

tgc acg 
Cys Thr 



gac ggc ttg etc 
Asp Gly L^u^ Leu 



ccc 
Pro 

gac 
Asp 

gag 

Glu 

ctt 
Leu 
165 
Ctt 

Leu 



etc cca 
x*eu Pro 



acc 
Thr 

ctg 
lieu 

150 
gag 
Glu 



etc 
Leu 
135 
cag 
Gin 

cag 
Gin 



tct 
Ser 
120 
tec 
Ser 

aag 
liys 

gcg 
Ala 



ggc gcc aag 
Gly Ala Lys 



cga cca 
Arg pro 

tgg gac 
Trp Asp 



tgc ttg 
Cys hw 
2i$0 
ate gag 
He Glu 
275 

gga ccc 
Gly Pro 



ate cgc 
He Arg 

atg gac 
Met ASP 

ggt ggc 
Gly Gly 
230 
ttg tct 

Leu Ser 
245 

cgc etc 
Arg lieu 

gtc etc 
Val Leu 

cgc gtt 
Arg Val 



ggg caa 
Gly Gin 
20O 
teg tec 
Ser Ser 
215 

gaa gtc 
Glu Val 

gtc aac 
val Asn 

gac ccg 
Asp Pro 



ggg 

Gly 
lOS 
tec 
Ser 

gtc 
Val 

etc 
Leu 

ttc 
Phe 

teg 
Ser 
185 
acc 
Thr 



gac 
Asp 



2 

cac tgg 
His Trp 

gaa tgt 
Oiu Cys 

cac gca 
His Ala 

ggc gcg 
Gly Ala 
155 
gac ggt 
Asp Gly 
170 

att gcg 
He Ala 

gtc etc 
val Leu 

ccc get 
Pro Ala 



tac aag 
Tyr Lys 



cca 
Pro 

cca 
Pro 
140 
acg 
Thr 



cct 
Pro 
125 
aag 
Lys 

ttt 
Phe 



gac 
Asp 
110 

ggc 

Gly 

tac 
Tyr 

gag 
Glu 



aag teg 
Lys Ser 

aag gag 
Lys Glu 

cag cag 
Gin Gin 



ccc etc 
Pro Leu 

310 
gtc acg 
Val Thr 
325 

agt tgg 
Ser Trp 



cgc 
Arg 

gag 
Glu 
295 
teg 
Ser 



cac 
His 
280 
gca 
Ala 

etc 
Leu 



ctt gtg 
Leu Val 



ate 
He 

cca 
Pro 

acc 
Thr 
265 
aac 
Asn 

gaa 
Glu 

ggc 
Gly 

cat 
His 



ggc gcg 
Gly Ala 



gcg 
Ala 



tgc ggc 
Cys Gly 
235 
gag acg 
Glu Thr 

250 

ate teg 
He Ser 

gtc ggc 
Val Gly 

egg ate 
Arg He 

agg ggc 

Arg Gly 
315 
gcg tat 
Ala Tyr 
330 

gag gat 
Glu Asp 



gcg gat ttg 
Ala Asp Leu 

ggc ate gac 
Gly He Asp 
190 

gtc aag tec 
val Lys Ser 

205 
tct ccc gcc 
Ser Pro Ala 
220 

ggg acg tac 
Gly Thr Tyr 



gtc cag egg 
val Gin Arg 



age gac gga 
Ser Asp Gly 
270 

ttg cga cct 
Leu Arg Pro 

285 
gtc ctg cct 
val Leu pro 
300 

age gca cga 
Ser Ala Arg 

ggc ttc teg 
Gly Phe Ser 

gtc gcg cag 
Val Ala Gin 



ate acg 
Xle Thr 

get ate 
Ala He 

tgc cag 
Cys Gin 

aga egg 
Arg Arg 
160 
gtg gtc 
Val val 
175 

gac caa 
Asp Gin 

cca tgc 
Pro Cys 

tac ate 
Tyr lie 

ggc gtg 
Gly Val 
240 
ate etc 
He Leu 
255 

acg ate 
Thr He 



gca cga 
Ala Arg 

etc gac 
Leu ASp 

gcg gcg 
Ala Ala 
320 
agt gcg 
Ser Ala 

335 

etc gtc 
Leu Val 



336 



384 



432 



480 



528 



576 



624 



672 



720 



768 



816 



864 



912 



960 



1008 



1056 
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340 34S 
gac gag gcg tCc cag egg tac cac ggc gcg gcg ogg gag teg aag teg 
Asp Glu Ala Phe Gin Arg Tyr His Gly Ma Ala Arg Glu Sex Lys Leu 
355 360 365 

5 cagggcggga tttgtggctg tattgcgggc atctaoaaga aaaaaaaaaa aaaaaa 

<210> S 

<211> 368 

<2X2> PRT 

10 <213> Rhodosporidium toruloides 

<400> 2 

Met His ser Gin liys Arg val val Val Leu Gly Ser Gly val il© Gly 

15 

Leu ser Ser Ala Leu lie Leu Ala Arg Lys Gly Tyr Ser Val His rie 
20 25 30 

Leu Ala Arg Asp Leu Pro Glu Asp Val Ser Ser Gin Thr Phe Ala Ser 

20 35 40 45 

Pro Trp Ala Gly Ala Aan Trp Thr Pro Phe Met Thr Leu Thr Aep Glv 
50 55 60 



25 Pro Arg Gin Ala Lys Trp Glu Glu 

65 70 75 



Ser Thr Phe Lys Lys Txp Val oiu 

80 



30 



Leu Val Pro Thr Gly Hie Ala Met Trp Leu Lys Gly Thr Arg Arg Phe 
85 90 95 

Ala Gin Asn Glu Asp Gly Leu Leu Gly His Trp Tyr Lys Asp He Thr 



100 



105 



110 



Pro Asn Tyx Arg Pro Leu Pro Ser Ser Glu Cys Pro Pro Gly Ala lie 



35 115 X20 



125 



Gly Val Thr Tyr Asp Thr Leu Ser Val His Ala Pro Lys Tyr Cys Gin 

135 140 



40 avr Leu Ala Arg Glu Leu Gin Lys Leu Gly Ala Thr Phe Glu Arg Arg 

155 160 



145 ISO 



Thr Val Thr ser Leu Glu Gin Ala Phe Asp Gly Ala Asp Leu Val Val 



165 



45 



170 



175 



Asn Ala Thr Gly Leu Gly Ala Lys Ser He Ala Gly He Asp Asp Gin 

las 190 
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Ala Ala Glu Pro lie Arg Qly Gin Thr Val Leu Val Lys fier Pro Cys 
195 200 205 

5 Lys Arg cys Thr Met Asp Ser Ser Asp Pro Ala Ser Pro Ala Tyr He 
210 215 220 

He Pro Arg Pro Gly Gly Glu Val He Cys Gly Gly Thr Tyr Gly' Val 
225 230 235 240 

10 

Gly Asp Trp Asp Leu $er Val Asn Pro Glu Thr Val Gin Arg He Leu 
245 250 255 

Lye His Cys Leu Arg Leu Asp Pro Thr He Ser Ser Asp Gly Thr He 

15 260 2€5 270 

Glu Gly He Glu Val Leu Arg His Asn Val Gly Leu Arg Pro Ala Arg 
275 280 285 

20 Arg Gly Gly Pro Arg Val Glu Ala Glu Arg He val Leu Pro Leu Asp 
290 295 300 

Arg Thr Lys Ser Pro Leu Ser Leu Gly Arg Gly Ser Ala Arg Ala Ala 

305 310 315 320 

25 

Lys Glu Lys Glu Val Thr Leu Val His Ala Tyr Gly Phe Ser Ser Ala 
325 330 335 

Gly Tyr Gin Gin Ser Trp Gly Ala Ala Glu Asp Val Ala Gin Leu Val 
30 340 345 350 

Asp Glu Ala Phe Gin Arg Tyr His Gly Ala Ala Arg Glu Ser Lys Leu 
355 360 3e5 

35 <210> 3 

<211> 1005 
<212> DMA 

<2I3> CaenorhalKiitis elegans 

40 <220> 

<22l7» CDS 

<222> (1) . . (1002) 

<:223> coding for EtAAO 
45 <400?. 3 

atg gca aac ata att ccg aag att gca att ate ggc gaa gga gtc att 48 
Met Ala Asn He Xle Pro Lys He Ala He He Gly Glu Gly Val He 



OO-" cr 0( 
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ggra tgt act: tea gca ctt caa ata tea aaa get at a cca aat gcg aaa 96 
Gly Cys Tlar ser Ala lieu Gin He ser Lye AXa He Pro Asm Ala Lys 
20 2S 30 

6 ata act gtg etc cac gat aaa cca ttt aaa aaa teg tgc agt gca gga 144 
He Thr Val Leu His Asp Lya Pro Phe Lys Lys ser Cys ser Ala Gly 

35 40 45 

cca gca gga tta ttt aga ate gat tat gag gag aat act gaa tac gga 192 
Pro Ala Gly Leu Phe Arg He Asp Tyr Glu Olu Asn Thr Glu Tyr Gly 
10 50 55 60 

cgt get tct ttc gcc tgg ttc tea cat etc tat cgc act aca aaa gga 240 
Arg Ala Ser Phe Ala Trp Phe Ser His Leu Tyr Arg Thr Thr Lys Gly 
65 70 75 80 

tec gaa acc ggc gtg aaa tta gtt tct gga cat att caa tec gac aac 288 
15 ser Glu Thr Gly Val Lys Leu Val Ser Gly His He Glu Ser Asp Asn 

85 90 95 

ttg gag tea ttg aag caa caa caa aga gcc tat ggc gat att gtg tac 336 
Leu Glu Ser Leu Lys Gin Gin Gin Arg Ala Tyr Gly Asp He Val Tyr 
100 105 110 

20 aac ttt aga ttc ttg gat gat aga gaa egg ctg gac att ttt ccc gaa 384 
Asn Phe Arg Phe Leu Asp T^p Arg Glu Arg Leu Asp He Phe Pro Glu 

115 120 125 

cca tea aag cac tgc att cac tac acc gcc tac gca tea gaa ggt aac 432 
Pro Ser Lys His Cys He His Tyr Thr Ala Tyr Ala Ser Glu Gly Asn 
25 130 135 140 

aag tac gtg cct tat ttg aag aat ttg ctg ctt gag caa aaa ate gag 480 
Lys Tyr val Pro Tyr Leu Lys Asn Leu Leu Leu Glu Gin Lys He Glu 
145 150 1S5 160 

ttc aag caa caa gaa gtg acg agt ttg gac gca gtc gcc gac get ggt 528 
30 Phe Lys Gin Gin Glu Val Thr Ser Leu Asp Ala Val Ala Asp Ala Gly 

165 170 175 

tac gat gtt att gta aac tgc gca ggc ttg tac ggt gga aag ttg get 576 
Tyr Asp Val He Val Aen Cys Ala Gly Leu Tyr Gly Gly Lys Leu Ala 
180 185 190 

35 ggt gat gac gat act tgc tac ccc att aga gga gtc att ttg gaa gtt 624 
Gly Asp Asp Asp Thr Cys Tyr Pro He Arg Gly Val He Leu Glu Val 

195 200 205 

gat gca cca tgg cac aag cac ttc aat tat cga gac ttt act act ttc 672 
Asp Ala Pro Trp His Lya His Phe Asn Tyr Arg Asp Phe Thr Thr Phe 
40 210 215 220 

aca att cca aaa gag cac age gtg gtg gtt ggg tec acc aag cag gac 720 
Thr He Pro Lys Glu His Ser Val Val Val Gly Ser Thr Lys Gin Asp 
22s 230 235 240 

aat cga egg gat ttg gag ate acc gac gag gat aga aat gat att ttg 768 
46 Asn Arg Trp Asp Leu Glu He Thr Asp Glu Asp Arg Asn Asp He Leu 

245 250 255 

aaa cga tac att get tta cat cct gga atg aga gag cca aag att ate 816 



K 1 ^%.JjKtr^ 
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Iiyjg Arg ^yr He Ala Leu His Pro Gly Met Arg Glu Pro Lys lie He 

260 265 270 

aaa gaa tgg tea gca etc cgc ccg gga cgt aag cat gtc aga att gaa 864 
Lys Glu Trp Ser Ala Leu Arg Pro Gly Arg Lys Hie Val Axg He Glu 
5 275 500 2S5 

gcg cag aag agg aca tct gtt gga aac tea aaa gat tat atg gtc gtg 912 
Ala Gin Lys Arg Thr Ser Val Gly Asn Ser Lys Asp Tyr Met Val Val 

390 2d5 300 

cat cac tat ggt cac ggg age aac gga ttc acg ttg ggt tgg gga aca BBO 
10 His His Tyr Gly His Gly Ser Asn Gly Phe Thr Leu Gly Trp Gly Thr 
305 310 315 320 

gea att gaa gca act aaa etc gtt aag act gca eta gga tta taa 1005 
Ala He Glu Ala Thr Lys Leu Val Lys Thr Ala Leu Gly Leu 
325 330 

15 

<210> 4 

<:211> 334 
<:212> PRT 

<213> Caenorhabditis elegems 

20 

<400> 4 

Met Ala Asn He He Pro Lys He Ala He He Gly Glu Gly Val He 
IS 10 IS 

25 Gly Cya Thr ser Ala Leu Gin He Ser Lys Ala He Pro A^n Ala Lys 
20 25 30 

He Thr Val Leu His Asp Lys Pro Phe Lys Lys Ser Cys Ser Ala Gly 
35 40 45 



30 



45 



pro Ala Gly Leu Phe Arg He Asp Tyr Glu Glu Asn Thr Glu Tyr Gly 
50 5H 60 



Arg Ala Ser Phe Ala Trp Phe Ser His Leu Tyr Arg Thr Thr Lys Gly 

35 65 70 75 eo 

Ser Glu Thr Gly Val Lye Leu Val Ser Gly Hie He Gin Ser Asp Asn 
65 90 d5 

40 Leu Glu Ser Leu Lys Gin Gin Gin Arg Ala Tyr Gly Asp He Val Tyr 
100 105 110 

Asn Phe Arg Phe Leu Asp Asp Arg Glu Arg Leu Asp xle Phe Pro Glu 
115 120 125 



Pro Ser Lys Hie Cys He His Tyr Thr Ala Tyr Ala Ser Glu Gly Asn 
130 135 140 
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iys Tyr val Pro Tyr l.eu lye Aen i.eu i.eu i.e« Glu Gin Lye iie Glu 

^ ISO 



10 



5 Phe Lys Gin Gin Glu Val Thr Ser r.eu Asp Ala Val Ala Aep Ala Qly 

165 

Tyr Asp val He Val Asn Cys AXa Gly Qiy 

180 les ISO 

Oly Asp Asp Asp Thr Cys Tyx Pro lie Arg Gly Val lie Leu Glu Val 
1»5 200 

Asp Ala Pro Trp His Lye His Phe Asn Tyx Arg Asp Phe Thr Thr Phe 
15 210 215 220 

0^ lie Pro Lye Glu Hie Ser Val Val Val Gly Ser Thr Lys Gin Asp 
^ 235 

20 Asn Arg Trp Asp Leu Glu ila Thr Asp Glu Asp Airg Asa Asp lie Leu 

2S0 

Lys Arg Tyr lie Ala Leu His Pro Gly «et Arg Glu Pro Lys He lie 

25 265 270 

Lys Glu Trp Ser Ala Leu Arg Pro Gly Arg Lys His Val Arg He Glu 
275 280 

30 tl^ """^ '^^ ^^"^ ""^^ ^ ««t Val val 



300 



His His Tyr Gly Hie Gly ser Asn Gly Phe Thr Leu Gly Trp Glv 

305 ^ Jr 



310 



315 



320 



35 Ala Xle Glu Ala Thr Isys Leu Val Lys Thr Ala Leu Gly Leu 



325 

<210> 5 

<211> 1186 

40 <212> D»A 

<213> Neccria haematococca 

<220> 

<221> CDS 

45 <222> (42).. (1124) 

<223> coding for DAAO 



330 
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<400> 5 

agcgacttga acttagcgaa aagaacttgt caaccacaat: c atg tec aac aca ate 55 
5 Met Ser Asn Thr He 

1 s 

gtc gtc gtt ggt gcc ggt gtc att ggc ttg acg teg gee ttg ttg etc 104 
val Val Val Gly Ala Gly Val He Gly Leu Thx Ser Ala Leu Leu Leu 
10 15 20 

10 tec aag aac aag ggc aac aag ate acc gtc gtg gcc aag cac atg ccc 152 
Ser l>ys Aen Lys Gly Agii Lys He Thr Val Val Ala Lys Kis Met Pro 

25 30 35 

ggc gac tat gac gtt gaa tac gcc teg cet ttt get ggt gcc aac cac 200 
Gly Asp Tyr Asp val Glu Tyr Ala Ser Pro Pbe Ala Gly Ala Asn His 

15 40 45 50 

tec ccc atg gcg acg gaa gag age ago gaa tgg gaa cgt cgc act tgg 248 
ser Pro Met Ala Thr Glu Glu ser Ser Glu Trp Glu Arg Arg Thr Trp 

55 00 65 

tac gag ttt aag aga ctg gtc gag gag gtc cct gag gcc ggt gtt cat 29S 

20 Tyr Glu Phe Lys Arg Leu Val Glu Glu Val Pre Glu Ala Gly Val His 
70 75 80 S5 

ttc cag aag tct cgc ate cag agg cgc aat gtg gac act gaa aag gcg 344 
Phe Gin Lys Ser Arg He Gin Arg Arg Asn Val Asp Thr Glu Lys Ala 

90 95 100 

25 cag agg tct ggt ttc cca gac gee etc ttc teg aaa gaa ccc tgg ttc 392 

Gin Arg Ser Gly Phe Pro Asp Ala Leu Phe Ser Lys Glu Pro Trp Phe 

105 110 115 

aag aac atg ttt gag gac ttc cgt gag cag cac cct age gag gtc ate 440 

Lys Asn Met Phe Glu Asp Phe Arg Glu Gin Hie Pre Ser Glu Val He 
30 120 125 130 

CCC ggt tac gac tct ggc tgc gag ttc aca teg gtg tgc ate aac acg 488 

Pro Gly Tyr Asp ser Gly Cys Glu Phe Thr Ser Val Cys He Asn Thr 

135 140 145 

gcc ate tac etc ccc tgg etc etc ggc cag tgc ate aag aat ggc gtc 536 
35 Ala He Tyr Leu Pro Trp Leu Leu Gly Gin Cya He Lys Asn Gly Val 
150 155 160 165 

ate gtc aag cgc gcc ate etc aac gac att age gag gcc aag aag ctg 594 
He Val Lys Arg Ala He Leu Asn Asp He Ser Glu Ala Lys Lys Leu 
170 175 180 

40 age cac gcg ggc aag acg ccc aat ate ate gtc aac gcc acg ggt etc 632 
' ser His Ala Gly Lys Thr Pro Asn He He Val Aen Ala Thr Gly Leu 
185 190 195 

ggc tec tac aag ctg ggc ggt gtc gag gac aag acc atg gcg cct gcg 680 
Gly Ser Tyr Lys Leu Gly Gly Val Glu Asp Lys Thr Met Ala Pro Ala 
45 200 205 210 

egg gga cag att gtg gtt gtg cgc aac gag age age ccc atg etc etc 728 
Arg Gly Gin He Val Val Val Arg Asn Glu Ser Ser Pro Met Leu Leu 



10 



9 

220 225 
act tea ggt gtc gag gac ggc ggt get gat gtc atg tac ttg atg cag 771 
Thr Ser 61y Val 6lu Aap eiy Gly Ala Asp Val Met Tyr Leu Met Gin 

235 

cga gca get ggc ggt ggc acc ate ctg ggc ggt acc tac gac get ggc 824 
Arg Ala Ala Gly Gly Gly Tbr lie neu Gly Gly Thr Tyr Asp val Gly 

2SS 260 
aac tgg gag tct cag cca gac ccc aac ate gcg aat egc ate atg cag 872 
Aen Trp GIu Ser Gin Pro Asp Pro Aan lie Ala Aan Arg zie Met Gin 

265 270 275 

cgc ate gtc gag gtg egg ccc gag att gcc aac ggc aag ggc gtc aag 920 
Arg lie Val Glu Val Arg Pro Olu rie Ala Asa Gly Lys Gly Val Lys 

2«0 285 
ggg ctg age gtg ate cga oao gcc gtc ggc atg egg cog tgg cga aag 96a 
15 Oly I«u ser Val lie Arg His Ala val Gly Met Arg Pro Trp Ar^ Lye 
295 300 305 

gac gga gtc agg ate gag gag gag aag ctg gat gat gag act tgg ate 10I6 
Asp Gly val Arg He Glu Glu Glu Lys Leu Asp Asp Glu Thr Trp He 

315 320 
gtg cac aac tac gga cac tct gga tgg ggt tac cag ggt teg tat ggt 1064 
val His Asn Tyr Gly Hie Ser Gly Trp Gly Tyr Gin Gly Ser Tyr Gly 

330 

tgt get gag aat gta gtc cag ttg gtt gac aag gtc ggc aag gcg gcc 1112 
Cys Ala Olu Asn Val val Gla Leu Val Asp Lys Val Gly Lys Ala Ala 
345 350 355 

aag tct aag ctg tagttgaaaa ggcctgaatg agtaatagta attggatatt iie4 
Lys Ser Lys Leu 
360 

ggaaataccg tatttgccct eg 



20 



25 



30 



35 



40 



45 



<:210> 6 

<211> 361 

<212> PRT 

<213> Nectrla haematocooca 

<400> 6 

Met ser Asn Thr He Val Val Val Gly Ala Gly Val He Gly Leu Thr 
^ S 10 15 

Ser Ala Leu Leu Leu Ser Lys Asn Lys Gly Aen Lys He Thr Val Val 
20 25 30 

Ala Lys His Met Pro Gly Asp Tyr Asp Val Glu Tyr Ala Ser Pro Phe 
35 40 45 

Ala Gly Ala Asn His Ser Pro Met Ala Thr Glu Glu Ser Ser Glu Trp 
50 55 60 



1186 
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Glu Arg Arg Thr Trp Tyr Glu Plxe Lys Arg Leu Val Glu Glu vaX Pro 

70 75 80 

5 Olu Ala Gly Val His Phe Gin. I^ys Ser Arg- Tie Gin Arg Arg Asn Val 

85 90 95 

Asp Thr Glu liys Ala Gin Arg Ser Gly Phe Pro Asp Ala Leu Phe Ser 
100 105 110 

10 

Iiys Glu Pro Trp Phe J^ys Asti Met Phe Glu Asp Phe Arg Glu Gin His 
115 X20 125 

Pro Ser Glu Val lie Pro Gly Tyr Asp Ser Gly Cys Glu Phe Thr Ser 
15 130 135 140 

val Cy3 He Aen Thr Ala lie Tyr Leu Pro Trp Leu Leu Gly Gin Cys 
145 150 155 160 

20 He Lys Asn Gly Val He val Lys Arg Ala He Leu Asn Asp He Ser 

165 170 175 

Glu Ala Lys Lys Leu ser His Ala Gly Lys Thr Pro Asn He He Val 
180 165 190 

25 

Asn Ala Thr Gly Leu Gly Ser Tyr Lys Leu Gly Gly Val Glu Asp Lys 
1^5 200 205 

Thr Met Ala Pro Ala Arg Gly Gin He Val Val Val Arg Asn Glu ser 
30 210 215 220 

Ser Pro Met Leu Leu Thr Ser Gly Val Glu Asp Gly Gly Ala Asp Val 
225 230 235 240 

35 Met Tyr Leu Met Gin Arg Ala Ala Gly Gly Gly Thr He Leu Gly Gly 

245 250 255 

Thr Tyr Asp val Gly Asn Trp Glu Ser Gin Pro Asp Pro Asn He Ala 
260 265 270 

40 

Asn Arg He Met Gin Arg He val Glu Val Arg Pro Glu He Ala Asn 
275 260 285 

Gly Lye Gly Val Lys Gly Leu Ser Val He Arg His Ala Val Gly Met 
45 290 295 300 

Arg Pro Trp Arg Lys Asp Gly Val Arg He Glu Glu Glu Lys Leu Asp 
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'^^^ 320 



Asp Glu TOir Txp lie Val Hie Aen Tyr Gly Hia Ser Gly Trp Gly 



325 



Tyr 



335 



10 



Gin Gly ser Tyx Gly Cya Ala Glu Aan Val Val Gin l,eu v^i A^p x.ya 

345 

Val Gly iye Ala Ala Lys Ser Lys Leu 
3S5 • 360 

<210> 7 

<211> 1071 

<212> HNA 

15 <213> Trigonopsis variabilis 

<220> 
-!:221> CDS 
<:222> (X)..(1068) 
20 ^223> 

<400> 7 

atg get aaa ate gtt gtt att ggt gcc ggt gtt gcc ggt tta act aca 
Met Ala Lya He Val Val He Gly Ala Gly val Ala Oly Leu Tlxr Thr 

1 e; 



25 



^ 10 X5 



get ctt caa ctt ctt cgt aaa gga cat gag gtt aca att gtg tec gag 
Ala t.eu Gin Leu JCeu Arg i.ya Gly Hie Glu Val Thr xle Val Seir Glu 



20 25 



30 



35 40 



gee aae tgg etc aca ttt tae gat gga ggc aag tta gee gae tae gat 
Ala Asn Trp Leu Thr Phe Tyr Asp Gly Gly Lys Leu Ala Asp Tyr Aep 



35 



50 5S 60 



40 



Trp Phe Lys Asn Thr Val Aap Ser Phe Glu He He Glu Asp Arg Ser 

11-5 120 12S 

agg att gtc cac gat gat gtg get tat eta gtc gaa ttt cgt tee gtt 



48 



96 



ttt acg ccc ggt gat ctt agt ate gg^ tat ace teg cct tgg gca ggt 
30 Phe Thr Pro Gly Aep Leu Ser He Gly Tyr si Pro T^ Gly 



192 



gee gtc tct tat eet ate ttg cga gag etg get cga age age cce gag 
Ala val ser Tyx Pro He Leu Arg Glu Leu Ala Arg Ser ser Pro Glu 

" '^^ '5 80 

get gga att cga etc ate age eaa egc tec cat gtt etc aag cgt gat 
Ala Gly He Arg Leu He Ser Gin Arg Ser His Val Leu Lys Arg Aep 

85 90 95 

ctt cct aaa otg gaa gtt gcc atg teg gee ate tgt caa egc aat ccc 
Leu Pro Lye Leu Glu Val Ala Met Ser Ala He Cys Gin Arg A3n Pro 

105 

tgg ttc aaa aac aca gtc gat tct ttc gag att ate gag gae agg tec 384 



240 



288 



336 



432 
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Axg He Val Hie Asp Asp vaX Ala Tyr Leu Val Glu Phe Arg Ser Vai 

130 135 140 

tgrt ate cac acc gga gtc tac ttg aac tggr ctg atg tec caa tgc tta 480 
Cys He His Thr Gly Val Tyr Leu Aen Trp X^eu Met Ser Gin Cys lieu 
5 145 IBO 155 160 

teg etc ggc gcc acg gtg get aaa cgt cga gtg aac cat ate aag gat 528 
Ser I*eu Gly Ala Thr Val Val I.ys Arg Ascg Val Asn His He Lys Asp 

165 170 175 

gcc aat tta eta cac tec tea gga tea cgc ccc gac gtg att gtc aac 576 
10 Ala Ash Leu Leu Hie Ser Ser Gly Ser Arg Pro Asp Val Xle val Asn 
lao les 190 

tgt agt ggt etc ttt gcc egg ttc ttg gga ggc gtc gag gac aag aag $24 
eye Ser Gly Leu Phe Ala Arg Plie Leu Gly Gly val Glu Asp Lys Lys 

195 200 205 

15 atg tac cct att cga gga caa gtc gtc ctt gtt cga aac tct ctt cct 672 
Met Tyr Pro He Arg Cly Gin Val Val Leu Val Arg Asn Ser Leu Pro 

210 21S 220 

ttt atg gcc tec ttt tec age act cct gaa aaa gaa aat gaa gac gaa 720 
Phe Met Ala ser Phe Ser Ser Thr Pro Glu Lye Glu Asn Glu Asp Glu 
20 225 230 235 240 

get eta tat ate atg ace cga ttc gat ggt act tct ate att ggc ggt 768 
Ala Leu Tyr He Met Thr Arg Phe Asp Gly Thr ser He He Gly Gly 
245 250 255 

tgt ttc caa ccc aac aac tgg tea tec gaa ccc gat cct tct etc acc 816 
25 Gye Phe Gin Pro Asn Asn Trp Ser Ser Glu Pro Asp Pro Ser Leu Thr 
260 265 270 

cat cga ate ctg tct aga gcc etc gac cga ttc ccg gaa ctg acc aaa 864 
His Arg Xle Leu Ser Arg Ala Leu Aap Arg Phe Pro Glu Leu Thr Lys 
275 280 28S 

30 gat ggc cct ctt gac att gtg cgc gaa tgc gtt ggc cac cgt cct ggt 912 
Aap Gly Pro Leu Asp He Val Arg Glu Cys Val Gly His Arg Pro Gly 

290 295 300 

aga gag ggc ggt ccc cga gta gaa tta gag aag ate ccc ggc gtt ggc 960 
Arg Glu Qly Gly Pro Arg Val Glu Leu Glu Lys Xle Pro Gly Val Gly 
35 305 310 315 320 

ttt gtt gtc cat aac tat ggt gcc gcc ggt get ggt tac caa too tct looe 
Phe Val Val His Asn Tyr Gly Ala Ala Gly Ala Gly Tyr Gin Ser Ser 

325 330 335 

tac ggc atg get gat gaa get gtt tct tac gtc gaa aga get ctt act 1056 
40 Tyr Gly Met Ala Asp Glu Ala Val Ser Tyr Val Glu Arg Ala Leu Thr 
340 345 350 

cgt cca aac ctt tag 1071 
Arg Pro Asn Leu 
355 



45 



<:210> a 
<211> 356 
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13 

<212> PRT? 

<2133i Tr-lgonopsis variabilis 
<400> 8 

5 Met Ala I»ys lie Val Val He Gly Ala Gly VaX Ala Gly Leu Tlir Thr 
15 10 15 

Ala Leu Gin Leu Leu Arg Lys Gly His Glu Val Thr He Val ser Glu 
20 25 30 

10 

Phe Thr Pro Gly Asp Lau Ser He Gly Tyr Tbr Ser Pro Trp Ala Gly 
35 40 45 

Ala Asn Trp Leu Thr Phe Tyr Aep Gly Gly Lys Leu Ala Asp Tyr Asp 

15 50 55 60 

Ala Val ser Tyr Pro He Leu Arg Glu Leu Ala Arg Ser ser Pro Glu 
65 70 75 80 

20 Ala Gly He Arg Leu He Ser Gin Arg Ser His Val Leu Lys Arg Asp 

85 90 95 

Leu Pro Lys Leu Glu Val Ala Met Ser Ala He Cys Gin Arg Asn Pro 
100 105 110 

25 

Trp Phe Lys Asn Thr Val Asp Ser Phe Glu He He Glu Asp Arg ser 
115 120 125 

Arg He Val His Asp Asp Val Ala Tyr Leu Val Glu Phe Arg Ser Val 
30 130 135 140 

Cys He His Thr Gly Val Tyr Leu Asn Trp Leu Met Ser Gin Cys Leu 
145 150 155 160 

35 Ser Leu Gly Ala Thr Val Val Lys Arg Arg Val Asn His He Lys Asp 

165 170 175 

Ala Asn Leu Leu His Ser Ser Gly Ser Arg Pro Asp Val He Val Asn 
leo 185 X90 

40 

Cys Ser Gly Leu Phe Ala Arg Phe Leu Gly Gly Val Glu Asp Lys Lys 
155 200 205 

Met Tyr Pro He Airg Gly Gin Val Val Leu val Arg Asn Ser Leu Pro 
45 210 215 220 

Phe Met Ala Ser Phe Ser Ser Thr Pro Glu Lys Glu Asn Glu Asp Glu 
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230 235 



14 

225 

Ala Leu Tyr He Met Thr Arg Phe Asp Gly Uhr Ser He He GXy GXy 
24S 2S0 255 



5 



CVS Phe Gin pro Asn Abu Trp Ser Ser Glu Pro Asp Pro Ser teu Thr 
260 2« 270 

HiB ATcr He Leu ser Arg Ala Leu Asp Arg Plxe Pro Glu Leu Thr Lye 
10 27S 280 285 

ASP Gly pro Leu Aep He Val Arg Glu Cy3 Val Gly His Arg Pro Gly 
290 29S 300 

15 Arg Glu Gly Gly Pro Arg val Glu Leu Glu LyB He Pro Gly Val Gly 



310 



315 



3 05 

val HiB A^n Tyr Oly Ala Ala Gly Ala Gly Tyr Gin Ser Ser 

325 



Phe Val - 

330 335 



20 



Val Sei: Tyr Val Glu Arg Ala Leu THr 



Tyr Gly Met Ala Asp Glax Ala 

340 3« 350 



Arg Pro Asn Leu 
25 355 

<21X> 1047 
<212> DNA 
30 <213> schizosaccnaroinyces poaiibe 

<220> 

<221> CDS 

<222> (22) . . (1041) 

36 *223> coding for DAAO 

Itaaetalgg aaaataagcc a aga gat att gtc ato gtc ggc get ggc gtt 5i 
atgaetaagg aaaa g ^ 

1 S 10 



45 



att gga ttg acc act get tgg att ctt tea gac ttg ggt ctt got oct 
ite fly Leu Thr Thr Ala Trp He Leu Ser Asp Leu Gly Leu Ala Pro 

15 20 25 

cgt att aag gtg att gco aag tat acg cot gaa gat cgt tct gta gaa 
2g He Lye Val He Ala Lys 1^ Thr Pro Glu Aap Arg Ser Val Glu 



30 



35 



tao act tec cot tgg get ggo gca aat ttc tgt age att tct get act 



147 



195 
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Tyr Tiar ser Pro Tzp Ala Cly Ala Asa Piie Cys Ser lie Ser Ala Thr 

45 50 55 

gat gac aat get ttg cgc tgg gat aaa ate act tac cat cgt ttc gcc 243 
Asp Asp Asn Ala Iieu Arg Trp Asp Iiys lie Thr Tyr His Arg Phe Ala 
5 60 65 70 

tac ttg gcg aaa act cgt cct gaa gca gga ate cgt ttt get gat ctt 291 
Tyr lieu Ala Lye Thr Arg Pro Glu Ala Gly He Arg Phe Ala Asp Leu 
75 80 85 50 

cga gaa ttg tgg gag tac gag ccg aaa cac gac aaa ate aga tec tgg 339 
10 Arg Glu Leu Trp Glu Tyr Glu Pro Lye His Asp Lys lie Arg Ser Trp 

95 100 105 

aat acc tat gtc aga gat ttc aaa gtt ate cct gaa aaa gat ctt cca 387 
Asii Thr Tyr Val Arg Asp Phe Lys Val He Pro Glu Lys Asp Leu Pro 
110 115 120 

15 gga gaa tgt ate tac gga cat aag gcc acc acc ttt tta ate aac get 435 
Gly Glu Cys He Tyr Gly His Lys .Ala Thr Thr Phe Leu He Asn Ala 

125 130 135 

cct cat tac ttg aat tat atg tac aag ctg etc att gaa get ggc gtc 483 
Pro His Tyr Leu Asn Tyr Met Tyr Lys Leu Leu He Glu Ala Gly Val 
20 140 145 ISO 

gaa ttt gaa aag aaa gaa ttg agt cac ate aaa gag act gtc gaa gaa 531 
Glu Phe Glu Lys Lys Glu Leu Ser His He Lys Glu Thr val Glu Glu 
155 160 165 170 

act cca gaa get tea gta gta ttt aat tgc act ggt etc tgg get tec 579 
25 Thr Pro Glu Ala Ser Val Val Phe Asn Cys Thr Gly Leu Trp Ala Ser 

175 ISO 185 

aaa ttg ggt ggc gtt gaa gac ccg gac gtt tat ccg act cgt gga cat 627 
Lys Leu Gly Gly Val Glu Asp Pro Asp Val Tyr Pro Thr Arg Gly Hie 
190 195 200 

30 gtt gtt ttg gtt aag get cct cat gta aca gaa act cgc att ttg aat 675 
Val Val Leu Val Lys Ala Pro His val Thr Glu Thr Arg He Leu Asn 

205 210 215 

ggc aag aac tct gat acc tat att att cct cgt ccc tta aat ggt gga 723 
Gly Lys Asn Ser Asp Thr Tyr He He Pro Arg Pro Leu Asn Gly Gly 
35 220 225 230 

gtc att tgc ggc ggt ttc atg caa cca gga aac tgg gat cgt gaa att 771 
Val He Cys Gly Gly Phe Met Gin Pro Gly Asn Tarp Asp Arg Glu He 
235 240 245 250 

cac cct gaa gac act ttg gat ate ctt aag aga aca teg get ttg atg 819 
40 His Pro Glu Asp Thr Leu Asp He Leu Lys Arg Thr Ser Ala Leu Met 

255 260 265 

cca gaa ttg ttc cac ggc aag ggt ccg gag ggt get gaa att att caa 967 
Pro Glu Leu Phe His Gly Lys Gly Pro Glu Gly Ala Glu He He Gin 
270 275 280 

45 gaa tgt gtc gga ttc cgt cct tct cga aag ggt ggt gcc cgc gta gag 915 
Glu Cys Val Gly Phe Arg Pre Ser Arg Lys Gly Cly Ala Arg Val Glu 
285 290 295 



10 



15 
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ctt gat gtt gtt ccc ggc acc tea gtc ccc ctt gtt cat gat tac ggt 
tieu Asp Val Val Pro Gly Thr Ser Val Pro Leu Val His A&p Tyr OXy 

300 305 310 

get tct ggc aca gga tac caa get ggt tat ggt atg get ctt gac tot 
Ala Ser Gly Tiir Gly Tyr Gin Ala Gly Tyr Gly Met Ala Leu Asp Ser 
315 320 323 330 

gtc atg ttg get ctt cct aaa ate aaa ttg gcttag 
Val Met Leu Ala Leu Pro Lys lie l»ys Leu 
335 340 

<210> 10 
<211> 340 
<2X2> Pll!t 

<2X3> Schisiosaccharon^ces poxnbe 
<400> 10 

Arg Asp He Val lie Val Gly Ala Gly Val He Gly Leu Thr Thr Ala 
IS 10 15 

20 Trp He Leu Ser Asp Leu Gly Leu Ala Pro Arg He Lye Val He Ala 
20 25 30 

Lys Tyr Thr Pro Glu Asp Arg Ser Val Glu Tyr Thr Ser Pro Txp Ala 
35 40 45 

25 

Gly Ala Asn Phe Cye Ser He Ser Ala Tfar Asp Asp Asn Ala Leu Arg 
50 55 50 

Trp Aap Lys He Ttor Tyr His Arg Phe Ala Tyr Leu Ala Lys Tiur Arg 
30 es 70 75 80 

Pro Glu Ala Gly He Arg Phe Ala Asp Leu Arg Glu Leu Trp Glu Tyr 
85 90 95 

35 Glu Pro Lys His Asp Lys He Arg Ser Trp Asn Thr Tyr Val Arg Asp 
100 105 110 

Phe Lys Val He Pro Glu Lys Asp Leu Pro Gly Glu Cys He Tyr Gly 
115 120 las 

40 

His Lys Ala Thr Thr Phe Leu He Asn Ala Pro His Tyr Leu Asn Tyr 
130 135 140. 

Met Tyr Lys Leu Leu He Glu Ala Gly Val Glu phe Glu Lys Lys Glu 
45 145 ISO 153 160 

Lcu Ser His He Lys Glu Thr Val Glu Glu Thr Pro Glu Ala Ser Val 



BASF Plant Science GmbH 200402''* 



1? 

X6S 



Val Phe Asa Cya Tbx Gly Leu Trp Ala r . 

180 ^ Vo^ <31y Sly Val Glu 

190 



10 



Aap Pro ABp val Tyr Pro Thr Arg Gly H±a v«i t, , 

195 ""^^ Leu val iys Ala 

205 

Pro His Val Thr Slu Thr Ar«x . 

^5 "-^^ ^« Asp Thr 



220 



». .ae ^ . ^ 

235 

250 

^ 255 
Asp He Leu iys Arg Thr Ser Ala Leu Met ^, 

lys eiy Pro Glu Glv Ala m-,-. i-,^ 

ly Ala Glu lie II. 

285 

^ «^ „^ ^ ^ ^ ^ 

300 

s» ... ^ ^ ^ ^ ^ ^ 

30 Ol. ^ „^ ^ ^ ^ ^ ^ 

^ys Xle iiys liau 



320 



325 ^ "^'^ Ala Leu Pro 

330 

335 



35 




340 






<210> 


11 




<2Z1> 


963 




<212!> 




40 


<:213> 


StreptQinyces coellcolor 




<22Q> 






<221> 


CDS 




<222> 


(31) _ (957) 


45 


<223> 


coding for DAAO 




<220> 






<221> 


mis cofeature 



25 
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<222> (880) . . (936) 
<:223> DAAO signature 



18 



<400> 11 

5 gtggaaaccg aactggatga cgagcgggat ggc gaa gtc gtc gtg gtc ggc ggc 

Gly Glu Val Val Val Val Gly GZy 
1 5 
ggg gtg atc ggg ctg acg acg gcc gtc gtc etc gcc gag egg ggc aga 
Gly Val He Gly Leu Thr Thr Ala Val Val lieu Ala Glu Arg Gly Arg 
10 10 IS 20 

egg gtg egg ctg tgg ace egg gag cce geg gag egg aec ace teg gtg 
Arg Val Arg Leu Tanp Thr Arg Glu Pro Ala Glu Arg Thr Thr Ser Val 
25 30 35 40 

gta geg ggc ggg ctg tgg tgg ccg tac egg atc gag ccg gtc geg ctg 
15 Val Ala Gly Gly Leu Trp Trp Pro Tyr Arg lie Glu Pro Val Ala Leu 

45 50 55 

gcc cag gee tgg geg ctg cgt tec ctg gac gtg tac gag gag ctg geg 
Ala Gin Ala Trp Ala Leu Arg Ser Leu Asp Val Tyr Glu Glu Leu Ala 
60 65 70 

20 gca egg cce ggg cag ace ggc gta cge atg etc gaa ggg gtg etc ggc 
Ala Arg Pro Gly Gin Thr Gly Val Arg Met Leu Glu Gly Val Leu Gly 

75 BO 05 

gag acc ggc ctg gac gag gtg gac ggg tgg gcc geg gcc egg ctg ccg 
Glu Thr Gly Leu Asp Glu val Asp Gly Trp Ala Ala Ala Arg Leu Pro 

90 9S 100 

ggg ctg cge geg geg age gcc gcc gag tac gcc ggg acg ggg ctg tgg 
Gly Leu Arg Ala Ala Ser Ala Ala Glu Tyr Ala Gly Thr Gly Leu Trp 
105 110 115 120 

geg egg ctg ccg etc ate gac atg teg acc cat ctg ccg tgg ctg egg 
30 Ala Arg Leu Pro Leu lie Asp Met ser Thr His Leu Pro Trp Leu Arg 

125 130 135 

gag egg ctg ctg gcc geg ggc ggc acg gtg gag gac cge geg gtg acc 
Glu Arg Leu Leu Ala Ala Gly Gly Thr Val Glu Asp Arg Ala Val Thr 
140 145 ISO 

35 gat ctg gcc gag geg gac geg ccg gtg gtg gtc aac tgc acc ggc ctg 
Asp Leu Ala Glu Ala Asp Ala Pro Val Val Val Asn Cys Thr Gly Leu 

155 1^0 
ggc gcc egg gag ctg gtg ccg gac ccg geg gta egg ccg gtg cge gga 
Gly Ala Arg Glu Leu Val Pro Asp Pro Ala Val Arg Pro Val Arg Gly 

40 170 175 leo 

cag ctg gtc gtc gtg gag aac cce ggc atc cac aac tgg ctg gtc geg 
Gin Leu Val val Val Glu Asn Pro Gly lie His Asn Trp Leu Val Ala 
185 190 155 200 

gcc gac geg gac tec ggg gag acg acg tac ttc ctt ccg cag ccg gga 
45 Ala Asp Ala Asp Ser Gly Glu Thr Thr Tyr Phe Leu Pro Gin Pro Gly 

205 210 215 

egg etc ctg ctg ggc ggc acg get gag gag gac gcc tgg teg acc gag 



54 



102 



150 



198 



246 



294 



342 



390 



43B 



486 



534 



582 



630 



678 



726 



10 
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Arg Leu Leu Leu Oly Qly Thr Ala Glu Glu Asp Ala Trp ser Thr Glu 

220 225 

IT r° ^""^ ^""^ l^l gcc ctg 

Pro ASP Olu Val Ala Ala Ala He Val Ar^ a^ LI Ila Le! 

245 

rr i'^^ ^^^^ '''''' ^^^^ ^^^^^ 

Arg Pro Glu He Ala Gly Ala Arg Val Leu Ala His Le! va! GlJ Le! 

255 260 
egg cog gcc egg gac gcg gtc egg ctg gag cgc ggg acg ct« cca cran 
pro Ala Axg Asp Ala Val A.g Leu Glu A.g 1^ .J Z ITo ^ 
270 275 
ggg cgc egg ctg gtg cac aac tac ggt cac ggc ggc gcg ggc gtc acc 
Gly Arg Arg Leu Val His A«n Gly His Gly Gly Al! lly Va^ ^hr 

ic 295 
1» gtg gcc tgg ggc tgc get cag gag gcg gcc egg etc gcc tcctga 
val Ala Trp Gly cys Ala Gin Glu Ala Ala Arg i.^u Ila 

305 

<210> 12 
20 <21X> 309 
<212> PRT 

<213> Streptomyces coelicolor 
<220> 

25 <221> misG^f eatur^e 
<222> (880) . , (936) 
<223> DAAO signature 

<400> X2 

30 Gly Glu Val Val Val val Gly Gly Gly Val He Gly Leu Thr Thr Ala 

^ 10 15 



35 



val Val Leu Ala Glu Arg Gly Arg Arg Val Arg Leu Trp Thr Arg Glu 
^° 25 30 

Pro Ala Glu Arg Thr Thr s.r Val Val Ala Gly Gly Leu Trp Trp Pro 



40 



45 



40 ^^"^ "^'^ ^« Ser 

Leu ASP val Tyr Glu Glu Leu Ala Ala Arg Pro Gly Gin Thr Gly val 

65 70 

45 Arg Met Leu Glu Gly val Leu Gly Glu Thr Gly Leu Asp Glu Val Asp 

®^ SO &5 



918 



963 
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Gly Trp Ala Ala Ala Arg l»eu Pro Gly Leu Arg Ala Ala Ser Ala Ala 
100 105 110 

Glu Tyr Ala Gly Thr Gly I*eii Trp Ala Arg Leu Pro Leu lie Asp Met 
5 115 120 125 

Ser Thr His Leu Pro Trp Leu Arg Glu Arg Leu Leu Ala Ala Gly Gly 
13 0 135 X40 

10 Thr Val Glu Asp Arg Ala Val Thr Asp Leu Ala Glu Ala Asp Ala Pro 

145 150 155 160 

Val Val Val Asn Cys Thr Gly Leu Gly Ala Arg Glu Leu Val Pro Asp 
165 170 175 

15 

Pro Ala Val Arg Pro Val Arg Gly Gin Leu val Val val Glu Aen Pro 
180 105 190 

Gly tie His Asn Trp Leu Val Ala Ala Asp Ala Asp Ser Gly Glu Thr 
20 195 200 205 

Thr Tyr Phe Leu Pro Gin Pro Gly Arg Leu Leu Leu Gly Gly Thr Ala 
210 215 220 

25 Glu Glu Asp Ala Trp Ser Thr Glu Pro Asp Pro Glu Val Ala Ala Ala 
225 230 235 240 

He val Arg Arg Cys Ala Ala Leu Arg Pro Glu He Ala Gly Ala Arg 
245 250 255 

30 

Val Leu Ala His Leu Val Gly Leu Arg Pro Ala Arg Asp Ala Val Arg 
260 265 270 

Leu Glu Arg Gly Thr Leu Pro Asp Gly Arg Arg Leu Val His Asn Tyr 
35 275 280 285 

Gly His Gly Gly Ala Gly Val Thr Val Ala Trp Gly Cys Ala Gin Glu 

290 295 , 300 

40 Ala Ala Arg Leu Ala 
305 

<210> 13 
<211> 1038 
45 <212> DNA 

<:213> Candida boidinii 
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<220> 

<221> CDS 

<222> (1) , , (1035) 

<^22> coding for DM^O 

<400> 13 



21 



^^B ggt gafc caa att gtt crtfc ett rr^ ^-^ 

» » ^ ^ L ~ s s s: 

tCt cca tgg gca ggt ggt aat ttt tcfc fco* - 

s« Pro ^„ :2 ^ s: ^ t r 

50 ^ ^™ Ala Asp Asp 

60 

val *m ser i«. 

3L05 

aaa caa tat ctt aaa gat ttt aaa afr 

^ L,. ip P~ r "° 

30 lis ^ ^ "® ^^^'^ ^ys Ser Glu Leu Pro 



gaa ggt gtt gaa tat ggt att 1^ tat act aca tacr 

o.. v« ^ ^ ^ r r 



cct gtt ttc tta caa aat atcr oct 
35 Pro Val Phe Leu Glxx Asn Met a^! t I ^^"^ 

145 ""^^ Arg Asx. Val 

155 

acc att att aga aaa cat tta aca cat att t«t . ""^^ 

^ ^ «3 ^ ^ s: -r: - s: - - - 

*0 gtt aat aca aaa gtt gtt ttc aae t-cvi- ^''^ 
val Aan Thr Lye val Val ^h! T T ^ ^^'^ 

Jo Ala Aep 

tta ggt ggt gtt aaa gat gaa aaa ai-r 

gtt gtt gtt aga get cca cat ' 

val val val Arg Ix. Pr^ «2s Se T 

H pro Hxs xle Gin Glu Asn Lys Met Arg Trp Gly 



288 



336 



384 



432 



480 



528 



576 



624 



672 
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10 



15 



20 



2X0 
aaa gac cat 
uye Asp Tyr 

225 

tta gt.c tta 
Leu Val Leu 

ttt ggt ttt 
Phe Gly Phe 



cca 
Pro 

tta 
Leu 

gaa 
Glu 
305 
tat 
Tyr 



aag 
Lys 

aga 
Arg 
290 
gaa 
Glu 



att 
xle 

275 
cca 
Pro 

ggt 
Gly 



caa get 
Gin Ala 



gat aac caa 
Abp Asn Gin 



25 



get 
Ala 

Gly 

gaa 
Glu 
260 
tta 
Leu 

agt 
Ser 

aaa 
Lys 

ggt 
Gly 

aaa 
Lys 
340 



act 
Thr 

ggt 
Gly 
245 

act 
Thr 



tat 
Tyr 

230 

ttc 
Pbe 

gat 
Asp 



gat gaa 
Asp Glu 



aga 
Arg 

tta 
Leu 

tat 
Tyr 
325 

gtt 

Val 



cat 
His 

act 
Thr 
310 

ggt 
Gly 



215 
att 
He 

tta 
Leu 

gat 
Asp 

cca 
Pro 

ggt 
Gly 

295 
att 
He 

atg 
Met 



aaa get 
Lye Ala 



att 
He 

caa 
Gin 

att 
He 

ctt 

Leu 
280 

ggt 

Gly 

cat 
His 

tct 
Ser 

aaa 
Lys 



22 

cca aga 
Pro Arg 



aag 
Lys 

gtt 
Val 
265 
cat 
His 

cca 
Pro 

aat 
Asn 

tat 
Tyr 

ctt 
Leu 
345 



gat 
Asp 
250 
agt 
Ser 

att 

He 

aga 



220 
cca tat 
Pro Tyr 

235 

aat tgg 
Asn Trp 

aga act 
Arg Thx 

att aga 
He Arg 



tat 
Tyr 

gaa 
Glu 
330 
tag 



att 
He 

ggt 
Gly 
315 
get 
Ala 



gaa 
Glu 

300 

get 
Ala 

gtc 
Val 



tct 
Ser 

aca 
Thr 

aca 
Thx 

gtt 
Val 
285 
get 
Ala 



aat 
Asn 

ggt 

Gly 

tct 
Ser 
270 
gca 
Ala 



ggt 

Gly 

aat 
Asn 
255 
tta 
Leu 



gaa 
Glu 
240 

act 
Thr 

tta 
Leu 



get ggt 
Ala Gly 



gaa gtt tgt 
Glu Val Cys 



tct gga tat ggt 
Ser Gly Tyr Gly 
320 

aaa ctt tta gtt 
Lys Leu Leu val 
335 



720 



7SS 



616 



364 



912 



960 



1008 



1030 



30 



<210> 14 

<211> 345 

<212> PRT 

<213> Candida boidinii 



35 



<400> 14 

Met Gly Asp Gin He Val Val Leu Gly Ser Gly He He Gly Leu Tyr 
15 10 15 

Thr Thr Tyr Cys Leu He Tyr Glu Ala Gly Cys Ala Pro Ala Lys He 
20 25 30 



40 



Thr He Val Ala Glu Phe Leu Pro Gly Asp Gin Ser Thr Leu Tyr Thr 
35 40 45 



ser Pro Trp Ala Gly Gly Asn Phe Ser Cys He Ser Pro Ala Asp Asp 
50 55 60 

45 Thr Thr Leu Ala Tyr Asp Lys Phe Thr Tyr Leu Asn Leu Phe Lys He 
65 70 75 80 
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His x.y« i,ys ,eu Gly Gly P.o Olu Cys Gly i.eu Aap Asn Lye p«, ser 



^ .^r Gl. ^ ^.^ 

HO 

Lys Qln Tyr Leu Lys Asp PHe Lvs Val ti« t,«^ , 

' ^^-^ lie Pro Lye Ser Glu Leu Pro 

10 Glu Gly val Glu Tyr Gly He Ser Tvx Th^r a. . 

140 

^~ V.1 Ph. Ol. ^ «a ^„ X,™ ^ ^ ^ 

15 WO 
lie lie *rg Ly= Hie ra^ h^, Gin Tyr ..^ Thr 

^ ""^ *«> -1 val Phe <^ ^ Ol^ He «^ ^. 

^" "s „„ 

I»u Gly OXy V« ^lu x,^. Ty. ^ sly 01« v^l [ 

25 J»J Hi» xle Cln ol. ^ ^ ^ ; 

215 220 

Lys Asp Tyr Ala Thr Tyr Xle Xl^ Pr.« « 

225 230 ^ ^^'^ -^"^ 

30 240 

Leu Val Leu Gly oly Phe Leu Gin Lys Asp Aan Trp TI^ Gly A3„ T^r 

"0 255 

Phe Gly p^e Glu ^r Asp A.p xie Val ser Ar^ Thr Thr Ser Leu Leu 

265 270 

Pro Lys lie Leu Asp Glu Pro Leu His xle Xle Ar^ val Ala Ala Gly 

280 295 
40 Leu A^ Pro Ser Arg His Gly Gly Pro Arg g1„ Ala 



23^, - ' iAe Giu Ala Glu Val Cys 

300 

«» Glu Oly ^y. ^ ^ ^ ^ ^ 

"° 320 
Tyr Gl= Gly ^ 3^ ^ ^ 
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Asp Asxi Gin Lys val Lys Ala i-ys Leu 
340 345 



5 <210> 15 

<211> 12334 

<212> DNA 

c213> STPT GUS Nit-P daao 



10 <220> 

<221> misc^feature 

<222> (38) -.(163) 

<r223> Agrobacteriuni Right Border 



15 <220> 

<22X> terminator 

<222> (384) , , (639) 

<223> cott^lementary: NOS terminator 



20 <220> 

<22i> miec_feature 

<222> (716) ^ . (1822) , ^ 

<223> complementary, coding for RHodotorula grac^lx^ DAAO 



25 <220> 

<22X> promoter 

<222> (1866).. (3677) 

<223> complementary: A.thaliana nitrilase I promoter 



30 <220> 

<221> terminator 

<222> (3767) (3071) 

<223> complementary; 35S terminator 



35 .£220> 

<22i> miec_£eature 



40 <220> 

<221> promoter 

<222> (6097) * . (7414) 

^223 > complementary: sTOT promoter 



45 <220> 

<22l> misc^feature 
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<222> (7465) . . (7702) 

<223> Agrobacteriiam iieft Border 



20040239 U:2l z J gt^- fiSffeTssue^diiia 
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<:400> 15 
5 aatattcaaa 
aaaccttttc 
tl:tacccgcc 
atcagatctg 
ttaccctgtt 
10 ttttagatca 
aacgactcag 
atttatccfca 
ggactctaat 
catgcttaac 
15 tcaatcttaa 
gcgggaactc 
acttcgactc 
catcctecgc 
caagcgtgac 
20 actttgtccg 
gtgcaggtcg 
tcgagatggt 
tgacagaoaa 
9tcggggaat 
25 atggggactt 
ccgcaatc:ga 
cctgctcaag 
ttgcaaggta 
tagcgccagg 
30 accagtgccc 
tggcatggcc 
cttgtcgagg 
aagcgaaagt: 
agcccttccg 
35 cgacgcgctt 
ctcgagtctt 
tagactfcttt 
aagatcgaac 
ctgcantgat 
40 aagaaaaata 
aagaagtigaa 
aaat:ccaaac 
aaaagaatitt 
cacatttgat 
45 gtttctaatt 
acggaalutga 
tttcattaaa 



caaacacata cagcgcgact tatcatggac atacaaatgg acgaacggat 
acgccctfctt aaatatccga ttattctaat aaacgctctt ctctcfctagg 
aatatatcet gtcaaacact gatagtttaa actgaaggcg ggaaacgaca 
gtaccttgcg ecgggtaccc caaactgtct cacgacgttt: tgaacccaga 
atccctagtc gagcggccgc cagtgtgatg gatatctgca gaattcgccc 
gcacactggc ggccgttact agtggatcaa ttcactggcc gtcgttttac 
agcttgacag gaggcccgat ctagtaacat agatgacacc gcgcgcgata 
gtttgcgcgc tatatfcttigt tttctatcgc gtattaaatg tataattgcg 
cataaaaacc catctcataa ataacgtcat gcattacatg ttaartakta 
gtaat;t:caac agaaattata tgataatcat cgcaagaccg gcaacaggat: 
gaaactttat tgccaaacgt ttgaacgatc ggggatcatc cgggtctgtg 
cacgaaaata tccgaacgca gcaagatcta gagcttgggt cccgcctaca 
ccgcgccgcg ccgtggtacc gctggaacgc ctcgccgacg agctgcgcga 
cgcgccccaa ctcfcgctggt atcccgcsact cgagaagcQa Cacgcatgca 
ctccttctcc ttcgccgctc gtgcgctgcc cctgccgagc gagaggggcg 
gtcgagaggc aggacgaccc gttctgcctc aacgcggggt ccgcctcgtc 
caagccgacg ttgtggcgga ggacctcgat gccttcgatc gttccgtcgc 
csgggccgagg cgcaagcagt gcttgaggat ccgctggacc gtictctgggt; 
gtcccagtct cccacgccgt acgtcccgcc gcagatgact tcgccacctg 
gatgtaggcg ggagaagcgg ggtcggacga gtccatcgfcg catcgcttgc 
gacgaggacg gttbgcccgc ggattggctc ggcggcttgg tcgtcgatgc 
cttggcgcca agtcccgtag cgttgaccac caaatccgca ccgtcgaacg 
cgacgtaacg gtccgfcctct caaacgtcgc gccgagcttc fcgcagctctc 
ctggcagtac fcttggtgcgt ggacggagag ggtgtcgtag gutacgccga 
tggacattcg gaagatggga gggggcggta atttggcgtg atgtccttgt 
gagcaagccg tcttcgttct gcgcgaaccg cctcgtcccc ttgagccaca 
cgtcgggacc aactcgacec acttettgaa agtcgafctct tcccattttg 
accgtctgta agcgccatga aaggcgtcca attcgcgcca gcccatggtg 
ctggctcgag acgtccticcg gcaagtcrgcg cgcgagaata tgcacgctgt 
agcgaggatg agggcgctgc tcagaccgat aacgcctgat ccgaggacaa 
ctgcgagtgc atgggacctc gactagagtc gagatccgat atcgcccggg 
ngttttttac tttggttcat gacactcaga gacttgagag aagcaatata 
tttgtttttt tttngtggfcc acgtttattt tcctattgga gacggtaacg 
ctgtggtgga aatgaaacaa Sgtgggacta gcccacgtgg tttcttttct 
ttgtfctttgt tttttttgta aagttcacat caaacctact: aatiaattgag 
aaatctatitg attgattaaa ccagccgatg ctttatgtct gaatataaaa 
aaccccgttt aagaattaca acggtggttt acaaagtatt tggacacaac 
gaaataaaac aaaacggaga actaccaaat aaaaaacaaa eaaaaaactt 
attccafcttt ttttcccgta gaatttattc ttfctatggat tccttaaatc 
gcattttgat tcctcafcaat aggtaataat atatactatg ttatagatat 
cgtattaacc tacctttttt tggtcgtacg attctaccta ataatattga 
tgttttggac cacttagaaa gtattttttt tttggtttgt cttagctgta 
cataaattta aataagaaat gtcataaata aaat:t:tgacg tatagatttt 
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ttaaatccat 
ggatgggtta 
ct:sLaaaaata 
cgaaaagaaa 
5 taacatggat 
caat:t:aat:aa 
aaaacacaca 
ttgccacttt 
caaacactgt 
1 0 gggaat;gt:aa 
ttttcgttgt 
atattcttgg 
caaatatgca 
attggctaca. 
15 ggatgacaga 
aatiaaagaaa 
tccttcatag 
ccgcttfcctc 
agtgt;aaaac 
20 acgtcgtgag 
tggttttagg 
agggtttctt 
tgggaactac 
actggtgatt 
25 atggtgcgco 
agttcatgcc 
gagtgaagat 
cggcgaaatt 
acatial^ccag 
30 gcccggctaa 
gccaggccag 
cataccatcc 
tgtgagcgtc 
gcgttgcttc 
35 tggcaatact 
tcgcctgtaa 
tcggcttgtt 
tttcatcaat 
ggtaatgcga 
40 ccatcagcac 
cagtaaagta 
ggatgccgac 
gttcatagag 
cgctagtgcc 
45 catcaccatt 
gcgtcaccac 
gatggattcc 



tttatgttat 
atactaagtt 
gatcaatgtg 
gtctcatata 
tgtatagttt 
tcaaacgggcj 
ctcaagtctt 
tctttacaaa 
ttgtcttttt 
aacaacaaca 
caatattagt 
aactaatgta 
aagaaaaaaa 
tggttgtaga 
trggataatct 
aaaagct^tag 
gagtgacatg 
cacctccgaa 
atctggtctc 
acagtttggt 
aattagaaat 
atatgctcaa 
tcacacatta 
tttgcgccgg 
aggagagttg 
agtccagcgt 
cccttccttg 
ccatacctgt 
ccatgcacac 
cgtafcccacg 
aagttctttt 
gtaataacgg 
gcagaacanc 
cgccagtggc 
ccacatcacc 
gtgcgcttgc 
gcccgcttcg 
caccacgatg 
ggtacggtag 
gttatcgaat 
gaacsggtttg 
gcgaagcggg 
ataaccttca 
ttgtccagtt 
ggccaccacc 
ggtgatatcg 
ggcatagtta 



ttaatatttg 
ttccttaatg 
ttttggtccg 
gtaaatcata 
cbta^acaac 
tfcggtaggaa 
ttatttcatc 
taaacacaaa 
tcgatcacgt 
tgtgaagtca 
cattcoaaaa 
tgtggaaata 
agaaaagaac 
atgtagggta 
ttagatacaa 
cataaaagtt 
aactgacgaa 
atgaatgtga 
gaggtacctg 
gcaggtcgaa 
tttattgata 
cacatgagcg 
ttctggagaa 
gtaccgagct 
tfcgattcatt 
ttttgcagca 
ttaccgccaa 
tcaccgacga 
tgatactctt 
ccgnattcgg 
tccagtacet 
ttcaggcaca 
acattgacgc 
gaaat:at:tcc 
acgcttgggt: 
tgagtttccc 
aaaccaatigc 
ccatgttcat 
gagttggccc 
cctttgccac 
tggttaatca 
tagataticac 
cccggttgcc 
gcaaccacct 
tgccagtcaa 
tccacccagg 
aagaaatcat 



aaatgtgagt 
aattatctca 
gtcaaatatc 
ttcctacaag 
caat:tagtt:c 
tat:i:t:cat:t.g 
tttcttactc 
ttgtcaatga 
ttctgattgt 
catatacgta 
cat:ttt;t:aag 
cagtaactta 
acaactgaaa 
acacaacatic 
gagaat: tggt: 
tigaaacticaa 
teacaaccga 
ccggtttctt 
gtagggatiaa 
attcgagctc 
gaagtattfct 
aaaccctata 
aaatagagag 
cggtagcaat 
gtttgcctcc 
gaaaagccgc 
dgcgcaabat 
cggcgctgac 
cactccacat 
tgatgataat 
tctctgccgt 
gcacatcaaa 
aggtgatcgg 
cgtgcacttg 
ggtttttgtc 
cgttgaccgc 
ctaaagagag 
ctgcccagtc 
caatccagtc 
gtaagtccgc 
ggaactgttc 
actctgtctg 
agaggtgcgg 
gttgatccgc 
cagacgcgtg 
tgttcggcgt 
ggaagtaaga 



ttggctccta 
gagaaactgg 
tttggattta 
agaaatcaaa 
gcatcaagaa 
cagctt^tcag 
gcaggaactc 
aacgaaatag 
gacagccatic 
atggtttagc 
aaaaataaat; 
attattaaac 
tcaaagccag 
cagaattgaa 
tctcttccat 
cafcaacattt 
ttacttgttt 
cgggtgctca 
cagggtaatc 
ggtacccggt 
acaaatiacaa 
agaaccctaa 
agatagattc 
tcccgaggct 
ctgctgcggt 
cgacttcggt 
gccttgcgag 
gcgatcaaag 
gtcggtgtac 
cggctgatgc 
ccccaaatcg 
gagatcgctg 
acgcgtcggg 
cggacgggta 
acgcgctatc 
ctcttcgctg 
gttaaagccg 
gagcatctct 
cattaatgcg 
atcttcatga 
gcsccttcacfc 
gcttttggct 
attcaccact 
atcacgcagt 
gttacagtct 
ggtgtagagc 
ctgctttttc 



tbtaatcttia 
accaaataaa 
ctattattgg 
atctttgaat 
aaccaaaccc 
acaaaagaaa 
aaattccacc 
tctttttatg 
catatafcata 
at:a9Ctt:ct:a 
taatatatgfc 
attctaaacg 
ati^canaatia 
cactcaaat^t: 
tattaacgaa 
tgaacttgac 
gagtcatctt 
tttacggtca 
tgggttcaaa 
cactggattt 
atacatacta 
ttcccttatc 
gtagagagag 
gtagccgacg 
ttttcaccga 
ttgcggtcgc 
gticgcaaaat: 
acgcggngat 
attgagtgca 
agtttctcct 
ccgctttgga 
atiggtatcgg 
tcgagfcttac 
tGcggttcgt 
agctctttaa 
tacagttctt 
acagcagcag 
tcagcgcaag 
tggtcgtgca 
cgaccaaagc 
gccactzgacd 
gtgacgcaca 
tgcaaagtcc 
tcaacgctga 
cgcgcgacat 
attacgctgc 
ttgccgtttt: 
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cgtcggtaat caccattccc ggcgggatag tctgccagtt cagttcgttg thcacacaaa 
eggtgatacc tgcacatcaa caaatttcgg ccatatatta gaaaagttat aaactaaaat 
atacacactt ataaactaca gaaaagcaat tgctatatac tacattettt ttattttgaaa 
aaaatatttg aaatattata ttactaetaa ttaatgataa ttattatata tatatcaaag 
' gtagaagcag aaacttacgt acacttttcc cggcaataac atacggcgtg acatcggctt 
caaatggcgt atagccgccc tgatgctcca tcacttcctg attattgacc cacactttgc 
cgtaatgagt gaccgcatcg aaacgcagea cgatacgctg gcctgcccaa cctctcggta 
taaagacttc gcgctgatac cagaogttgo ocgcataatt acgaatatct gcatcggcga 
actgatcgtt aaaactgcct ggcacagcaa ttgcccggct ttcctgtaac gcgctttccc 
accaacgctg accaattcca cagcttccgc gatccagact gaatgcccac aggccgtcga 
gttttttgat ttcacgggct ggggtttcta caggacgtac catggtcgat cgactctaga 
ctagtggatc cgatatcgcc cgggctcgac tctagatgaa atcgaaattc agagtttcga 
cagtgagagc aaagagggac ggacttacga ggatctcgag tatttcaaga gatggtactt 
gttgaccgga cggctacgat gatctcgatt tggttaatcc agtatcccgc ggtgnacgga 
gttatggcag ggttaatggt caatttcata taaoggtaga gaatgatgta attagataag 
aatcttgaga tactggttta gattggatga gtgtagggtc catcttatot tgataagtgg 
atggttttta gagacacagt gaatattagc caatcgaagt fcccatatcac catcatoatc 
tgtataattt tgtctttctg gaagataata atgattgaaa ttttggtaga ttttattttt 
cattatttac cttgtacgtt gagtggtctt caaattattg aacgtgacag atteacaaga 
aagtagattt tttataaatg aaattttaot tattttaaag gtatctctafc ttaatttctt 
thgtttatgg ttgtctgtca gcatttgact tgcagtttca tgctcatagt catatacgtt 
attctaggct bttttgaata tcttattact tttttcgtaa tacaattfcta taattttatc 
aaagttatac aaotataact aaaattaggg ttttctacaa aacaaaaaaa tcttctaatt 
ttttttgttg tagccagttt actegtaagt tacaaaaaaa tacaaatgaa cccacatgta 
ttatgcgttt aaccaggatt accatgtact ttcatgtact caattcaccc tatactcttt 
tttttttttt ttctagttcc acccaatcta taaaattctg tccattcgac eaaattcaat 
taatttctgt aattgcgatt taaaattaat attacatgtt cactatttct cgatttgagg 
gaacccgagt ttaaatatga taaaaatgtt gacccatcac Cacaaatatg ttatagttca 
tacttaatag tggtgttttt ggggataatt gatgaattaa gtaaacatga ctcttcctat 
gaagttgatt gagtgattat tgtatgtaaa cctatgtgat tgatgttatt ggttgatcga 
gtgattattg tattagtatg taagcaaaga tgattgttct tatgaggtaa cttgttacto 
attcatcctt ttgcatatga gaaattgtgt tagcgtacgc aaaacaatag agaacataaa 
agatatgtgt atttacttaa ggtgactttt gttaatgata ttgtagtatc tatacattta 
tatataactt gttgaahttg agtataagct atcaggaccc gggggatecc ctagagtcga 
ggtaccgagc tcgaattcac tggccgtcgt tttacaacga ctcagtactg cttggtaata 
abtgtcatta gattgttttt atgcatagat gcactcgaaa tcagccaatt ttagacaagt 
atcaaacgga tgttaattca gtacattaaa gacgtccgca atgtgttatt aagttgtcta 
agcgtcaatt tgfettacacc acaatatatc ctgccaccag ccagccaaca gctcccegac 
cggcagctcg gcacaaaatc accacgcgtc taaaaaggtg atgtgtattt gagtaaaaca 
gcttgcgtca tgcggtcgct gcgtatatga tgcgatgagt aaataaacaa atacgcaagg 
ggaacgcatg aaggttatcg ctgtacttaa ccagaaaggc gggtcaggca agacgaccat 
cgcaacccat ctagcccgcg ccctgcaact cgecggggcc gatgttctgt tagtcgattc 
cgatccccag ggcagtgccc gcgattgggc ggccgtgcgg gaagatcaac cgctaaccgt 
tgtcggcatc gaccgcecga cgattgaccg cgaogtgaag gccatcggcc ggcgcgacct 
cgtagtgatc gacggagcgc cccaggcggc ggacttggct gtgtccgcga tcaaggcagc 
cgacttcgtg ctgatteegg tgcagccaag cccttacgac atatgggcca ccgccgacct 
ggtggagctg gttaagcagc gcattgaggt cacggatgga aggctacaag cggcccctgt 
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cgtgtcgcgg gcgatcaaag gcacgcgcat cggcggtgag gttgccgagg cgctggccgg 8280 
gtacgagctg cccattcttg agtcccgtat cacgcagcgc gcgagctacc caggcactgc 
cgccgccggc acaaecgttc ttgaaccaga acccgagggc gacgctgccc gcgaggccca 
ggcgetggcc gctgaaatta aatcaaaact catttgagtt aatgaggtaa agagaaaatg 
5 agcaaaagca caaacacgct aagcgccggc cgtccgagcg cacgcagcag caaggctgea 
acgttggcca gcctggcaga cacgccagcc atgaagcggg tcaactttca gtcgccggcg 
gaggatoaca ccaagctgaa gatgtacgcg gtaegccaag gcaagaccat taccgagctg 
ccatctgaat acatcgegca gctaccagag taaatgagca aatgaataaa tgagcagatg 
aattttagcg gctaaaggag gcggcatgga aaatcaagaa caaccaggca ccgacgccgt 
10 ggaatgcccc acgcgtggag gaacgggcgg ttggccaggc gtaagcggct gggttgtctg 
ccggecctgc aatggcaetg gaacocccaa gcccgaggaa tcggcgtgag cggtcgcaaa 
ceatceggcc cggtacaaat cggcgcggcg ctgggtgatg acctggtgga gaagttgaag 
gccgcgcagg ccgcccagcg gcaacgcatc gaggcagaag acgccccggt gaatcgtggc 
aaggggccgc tgatcgaatc cgcaaagaat cccggcaacc gccggcagcc ggtgcgcegt 
15 cgattaggaa gccgcccaag ggcgacgagc aaccagattt tttcgttccg atgctctatg 
acgtgggcac ccgcgatagt cgcagcatca tggacgtggc cgttttccgt ctgtcgaagc 
gtgaccgacg agctggcgag gtgatccgct acgagettcc agacgggcac gtagaggttt 
ocgcagggcc ggccggcatg gccagtgtgt gggattacga cctggtactg atggcggttt 
cccatctaac cgaatccatg aacegataec gggaagggaa gggagacaag cccggccgesg 
20 tgttecgtce acaegttgeg gacgtactca agttctgccg gcgagccgat ggcggaaagc 
agaaagacga cctggtagaa acctgcattc ggttaaacac cacgcacgct: gccatgcagc 
gtacgaagaa ggecaagaac ggccgcctgg tgacggtatc cgagggtgaa gccttgatta 
gccgctacaa gatcgtaaag agcgaaaccg ggcggcegga gtacatogag atcgagctag 
ctgattggat gtaocgcgag atcacagaag gcaagaacco ggacgtgctg acggtccacc 
25 cogattactt tttgatcgat cccggcatcg gccgttttct ctaccgcotg gcacgccgcg 
ccgcaggcaa ggcagaagcc agatggttgt tcaagacgat ctacgaafcgc agtggcagcg 
ccggagagct caagaagttc tgtttcaccg tgcgcaagct gatcgggtca aatgacctgc 9840 
cggagtacga tttgaaggag gaggcggggc aggotggoco gatcctagtc atgcgctacc «««« 
gcaaectgat cgagggegaa gcatccgccg gttcctaatg tacggagcag atgctagggc 
30 aaattgccct agcaggggaa aaaggtcgaa aaggtctctt tcctgtggat agcacgtaca 
ttgggaaccc aaagccgtac attgggaacc ggaacccgta cattgggaac ccaaagccgt 
acattgggaa ccggtoacac atgtaagtga ctgatataaa agagaaaaaa ggcgattttt 
ccgcotaaaa otctttaaaa cttattaaaa ctcttaaaac ccgcctggcc tgtgcataac 
tgtctggcca gcgcacagcc gaagagctgc aaaaagegcc tacccttcgg tcgctgcgct 
35 ctjctacgccc cgccgcttog cgtcggccta tcgcggccta cgcggtgtga aataoogcac 
agatgcgtaa ggagaaaata ccgcatcagg cgctcttceg cttcctcgct cactgactcg 
ctgcgctogg fccgttcggct gcggcgageg gtatcagctc actcaaaggc ggtaatacgg 
ttatccacag aatcagggga caacgcagga aagaacatgt gagcaaaagg ccagcaaaag 
gccaggaacc gtaaaaaggc cgcgttgctg gcgtttttcc ataggctccg cccccctgac 10560 
40 gagcatcaca aaaatcgacg ctcaagtcag aggtggcgaa acccgacagg actataaaga 
taccaggagt ttcccoctgg aagctccctc gtgcgctctc ctgttccgac cctgccgctt 
accggataoo tgtccgcctt tctcccttcg ggaagcgtgg cgctttctca tagctcacgc 
tgtaggtatc tcagttcggt gtaggtcgtt cgctccaagc tgggctgtgt gcacgaaccc 
cccgttcagc ccgaccgctg cgccttatcc ggtaactatc gtcttgagtc caaccaggta 
45 agacacgact tatogecaat ggcagcagoc actggtaaca ggattagcag agcgaggtat 
gtaggcggcg ctacagagtt cttgaagtgg tggcctaact acggctacac tagaaggaaa 
gtatttggta tctgcgctct gctgaagcca gttaccttcg gaaaaagagfc tggtagctct 
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tgatccggca aacaaaccao cgctggtagc ggtggttttt ttgtttgcaa gcagcagatt 
acgcgcagaa aaaaaggatc tcaagaagat cctttgatct tttctacggg gtctgacgct 
oagtggaacg aaaacceaeg ttaagggatt ttggtcatgc atgatatatc tcccaatttg 
cgtagggctt attatgcacg cttaaaaata ataaaagcag aettgacctg atagcttggc xx^« 
tgtgagcaat tatgtgctca gtgcatctaa cgcttgagtt aagccgcgcc gcgaagcggc 1134 
gtcggcttga acgaatttct agctagacat tatttgccga ctaccttggt gatctcgcct 1140 
ttcacgtagt ggacaaattc ttccaactga tctgcgcgcg aggccaagcg atcttcttct ii46 
tgtccaagat aagcctgtct agcttcaagt atgacgggct gatactgggc cggcaggcgc 1152 
tccattgccc agfccggcagc gacacccttc ggcgcgattt tgccggctac tgcgctgtac 1158 
caaatgcggg acaaogtaag cactacattt cgctcategc cagcccagtc gggcggcgag 1154, 
etccatagcg ttaaggtttc atttagcgce tcaaatagat cctgtbcagg aaccggatca 1170< 
aagagttcct ccgccgctgg acctaccaag gcaacgctat gttctcttgc ttttgtcagc ii76< 
aagatagcca gatcaatgto gatcgtggct ggctcgaaga tacetgcaag aatgtcattg H82C 
cgctgccatt ctccaaattg cagttcgcgc ttagctggat aacgccacgg aatgatgtcg iiasc 
tcgtgcacaa caatggtgac ttctacagcg cggagaatct cgctetctcc aggggaagcc 11940 
gaagtttcca aaaggtcgtt gaccaaagct cgccgcgttg tttoatcaag ccttacggtc 12000 
accgtaacca gcaaatcaat atcactgtgt ggcttcaggc cgccatccac tgcggagccg 12O6O 
tacaaatgta cggccagcaa cgtcggttcg agatggcgct cgatgacgcc aactacctct 12120 
gatagttgag tcgatacttc ggcgatcacc gcttccccca tgatgcttaa ccctgtttta 12180 
gggcgactgc cctgctgcgt aacatcgttg ctgctccata acatcaaaca tcgacccacg 12240 
gcgtaacgcg cttgctgctt ggatgcccga ggcatagaot gtaccccaaa aaaacagtca 
taaeaagcca tgaaaaocgc cactgcgttc cafcg 



123 00 
12334 



<210> 16 

<211> 11385 

<212> DNA. 

<213> STPT QDS ptx-p daao 
<220> 

<22i> zn±sc_3Eeature 

<222> (38)., (183) 

<223> Agrobaccerium Right Border 
<220> 

<:221» berminator 

<222> (384).. (639) 

<223> ccnnpl^neiitaryi nos terminator 



<220> 

<221> inisc_feature 

<222> (716) .. (1822) 

<223> con^lementary: coding 



for Rhodotorula gracilis DAAO 



<220> 

<221» promoter 
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<222> (1866) , - {272a) 

<223> complementary: ptxA promoter 



<220> 

<22X> tenn±iiat:or 

<222> <2818) . . (3022) 

<223> complementary t 35S terminator 



<220> 

0 <221> misc_£eature 

<222> (3097) (5094) _ 

complementary: coding for beta^glucuronicJase (comprxsxng xntron) 



<223> 



<220> 

5 <22l> promoter 

<222> (5148),, (646S) 

<223> complementary: 3TPT promoter 



<220> 

<221> misc^feature 

<222> (6537) . . (6753) 

<£223> Agrobacterium Left Boxder 



<400> 16 

25 aatattcaaa caaacacata cagcgcgact tatcatggac atacaaatgg acgaacggat 
aaaccttttc acgccctttt aaatatccga ttattctaat aaacgctctt ttctcttagg 
tttacccgcc aatatatcct gtcaaacact gatagtttaa actgaaggcg ggaaacgaca 
atcagatctg gtaccttgcg ccgggtaccc caaactgtct cacgacgttt tgaacccaga 
ttaccctgtt atccctagtc gagcggccgc cagtgtgatg gatatctgca gaattcgccc 
30 ttttagatca gcacactggc ggccgttact agtggatcaa ttcactggcc gtcgttttac 
aacgactcag agcttgacag gaggcccgat ctagtaacat agatgacacc gcgcgcgata 
atttatccta gtttgcgcgc fcatattttgt tttctatcgc gtattaaatg tataattgcg 
ggactctaat cataaaaacc catctcataa ataacgtcat gcattacatg ttaattatta 
catgcttaac gtaattcaac agaaattata tgataatcat cgcaagaccg gcaacaggat 
35 tcaatcttaa gaaactttat tgccaaatgt ttgaacgatc ggggatcatc cgggtctgtg 
' gcgggaactc cacgaaaata tccgaacgca gcaagatcta gagcttgggt cccgcctaca 
acttcgactc ccgcgccgcg ccgtggtacc gotggaacgc ctcgtcgacg agctgcgcga 
catcctccgc cgcgccccaa ctctgctggt atcccgcact cgagaagcca tacgcatgca 
caagcgtgac ctccttctcc ttcgccgctc gtgcgctgcc cctgccgagc gagaggggcg 
40 actttgtccg gtcgagaggc aggacgatcc gttctgcctc aacgcggggt ccgcctcgta 
gtgcaggtcg caagccgacg ttgtggcgga ggacctcgat gccttcgatc gttccgtcgc 
tcgagatggt cgggtcgagg cgcaagcagt gcttgaggat ccgctggacc gtctctgggt 
tgacagaoaa gtcccagtct cccacgccgt acgtcccgcc gcagatgact tcgccacctg 
gtcggggaat gatgtaggcg ggagaagcgg ggtcggacga gtccatcgtg catcgcttgc 
45 atggggactt gacgaggacg gtttgcccgc ggattggctc ggcggcttgg tcbgtcgatgc 
ccgcaatcga cttggcgcca agtcccgtag cgttgaccac caaatccgca ccgtcgaacg 
cctgotcaag cgacgtaacg gtcjcgtctct caaacgtcgc gccgagcttc tgcagctctc 



so 

120 
180 
240 
300 
360 
420 
480 
54 0 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
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ttgcaaggta ctggcagtac ttcggtgcgt ggacggagag ggtgtcgtag gttacgccga 1440 

tagcgccagg tggacattcg gaagatggga gggggcggfca atttggcgtg atgtccttgt 1500- 

accagtgccc gagcaagccg tcttcgttct gcgcgaaccg cctcgtcccc ttgagccaca 15^0 

tggcatggcc cgtcgggacc aactcgaccc acttdttgaa agtcgattct tcccattttg XB20 

5 cttgtcgagg accgcctgta agcgtcatga aaggcgtcca atitcgcgcca gcccatggtg 1680 

aagcgaaagt ctggctcgag acgtcctccg gcaagtcgcg cgcgagaata tgcacgctgt 1740 

agcccttccg agcgaggatg agggcgctgc tcagaccgat: aacgcctgat ccgaggacaa ISOO 

cgacgcgctt ctgcgagtgc afcgggccctc gactagagtc gagatccgat atcgcccggg 1B60 

ctcgagtzttc gaagatttta gtgtaatgtg tgtgctcact actatigaagc tttgcactta 1320 

10 aaaaaanaga atgagtgatg aggtttatat ggcgaaaaaa actat:gaaat tttgatattt 1980 

tgatatatct tcctcgtgag tcatattcac ggaccatgtt gcagcaaatt ggaaetaaac 204 0 

tattcacttt ttatgttaaa tcattgattg atttttagtg ggcctcgtta catattcaag 2100 

agttagaatg aattcaaaca aactaggeca gaaaaaagga tgtggggcca tttttttgtg 21^0 

tcttaagaat ttgtttattt ttttcatgga taaggggaat caatggaaaa agttcgatgt 2220 

15 actagaggac atttttttaa catgtagtga caagtagtgc tattattcga cccgtgatga 2280 

aaggggcaat cttaatcttt trtttcataaa tctgcacatg tgatgcttca attatgcttt 2340 

agactetgtg ctaaactatt ggtaatttct ttrtgtaatc gaatcaagea tcttttaaac 2400 

tatgtatgaa atgtgtcacc ctaaaaacaa catttegcta gctttagact ttigatgttta 2460 

tatgcttaat ggaagaagca atacgttgafc gtttattggg taaaag;aaag ggacttgatt 2520 

20 gagtatgtaa ttgacaacta tgattttata ttggatttga tattcctaac attaatttaa 2580 

gtgtgtgggt ttcaaagcat gttatgctag tgattcttgt gtttgatgct tgaaaaatct 2640 

acattcatcc ttigaatggag ggacaaactt tgaatgactt ttgaacaggn gtaaaatcca ; 2700 

atcctccctc agcttcacaa aaaattgcct cgaggtacct ggtagggata acagggtaat 2760 

ctgggttcaa aacgtcgtga gacagtttgg tgcaggtcga aattcgagct cggtacccgg 2820 

25 tcactggatt ttggttttag gaatfcagaaa tttcattgat agaagtafcte tacaaataca 2880 

aatacacact aagggtntct tatatgctca acacatgagc gaaaccctat aagaacccta, 2940 

attcccttat ctgggaacta ctcacacatt at:t:ctggaga aaaatagaga gagatagatt 3000 

tgtagagaga gactggtgat ttttgcgccg ggtaccgagc tcggtagcaa ttcccgaggc 3060 

tgtagccgac gatggtgcgc eaggagagtt: gttgattcat tgtttgcctc cctgctgcgg 3120 

30 tttttcaccg aagttcatgc cagtccagcg tttttgcagc agaaaagccg ccgacttcgg 3180 

tttgcggtcg cgagtgaaga tCQCtttctt gttaccgcca acgcgcaat:a tgccttgcga 3240 

ggtcgcaaaa tcggcgaaat tccatacctg ttcaccgacg acggcgctga cgcgatcaaa 33 oo 

gacgcggtga tacatatcca gccatgcaca ctgatactct tcactccaca tgtcggtgta 33 60 

cattgagt:gc agcccggcta acgtatccac gccgtattcg gtgatgataa tcggctgatg 3420 

35 cagtttctcc tgccaggcca gaagttctti: ttccagtacc ttotctgccg tttccaaatc 3480 

gccgctttgg acataccatc cgtaataacg gttcaggcac agcacatcaa agagatcgct 354 0 

gatggtatcg gtgtgagcgt cgcagaacat tacattgacg caggtgatcg gacgcgtcgg 3 600 

gtcgagttta cgcgttgctt ccgccagtgg cgaaatattc ccgtgcactt gcggacgggt 3 660 

aticcggttcg ctggcaatac ticcacatcac caegcttrggg tggtttttgt cacgcgctat: 3720 

40 cagctcttta atcgcdfcgta agtgcgcttg ctgagtttcc ccgttgactg cctcttcgct 3780 

gtacagttct ttcggcttgt tgcccgcttc gaaaccaatg cctaaagaga ggttaaagcc 3840 

gacagcagca gtittcatcaa tcaccacgat gccatgttca tctgcccagt cgagcatctc 3900 

ttcagcgtaa gggtaatgcg aggcacggca ggagttggcc ccaatccagt: ccattaatgc 3960 

gtggtcgtgc accatcagca cgttatcgaa tcctttgcca cgtaagtccg catcttcatg 4oao 

45 acgaccaaag ccagtaaagt agaacggttt gtggttaatc aggaactgtt cgcccttcac 4080 

tgccactgac cggatgccga cgcgaagcgg gtagatatca cactctgtct ggcntttggc 4140 

tgtgacgcac agttcataga gataaccttc acccggttgc cagaggtgcg gattcaccac 4200 
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ttgcaaagfcc ccgctagtgc cttgtccagt 
ttcaacgctg acatcaccat tggccaccac 
ttgcgcgaca tgcgbcacca cggcgatatc 
cattacgctg cgatggattc cggcatagtt 
5 cti:gccgttc tcgtcggtaa ccaccattcc 
gttcacacaa acggtgatac ctgcacatca 
taaattaaaa tatacacact tataaactac 
ttattttgaa aaaaatatt.t gaaatabtat 
atatatcaaa ggtagaagca gaaacttacg 

10 gacatcggct tcaaatggcg tatagccgcc 
ccacactittg ccgtaatgag tgaccgcatc 
acctttcggt ataaagactt cgcgctgata 
t:gcatcggcg aactgatcgt taaaactgcc 
cgcgctttcc caccaacgct gaccaattcc 

IS caggccgtcg agttttttga tttcacgggt 
tcgactctag actagtggat ccgatatcgc 
cagagttttg aeagtgagag caaagaggga 
agatggtact tgttgatcgg acggctacga 
cggtgtatgg agttatggta gggttaatgg 

20 aattagataa gaatcttgag atactggttt 
ttgataagtg gatggttttt agagacacag 
ccatcatcat ctgtataatt ttgttttttt 
attttatttt tcattattta ccttgtatgt 
gattcacaag aaagtagatt. tttrataaat 

25 tttaatttct tttgtttatg gttgtctgtc 
tcatatacgt tattctaggc ttttttgaafc 
ataattctat caaagtt:at:a caactiataac 
atcttctaat tttttttgtt gtagccagtt 
acccacatgt attatgcgtt taactaggat 

30 ctatactctt tttttttttt tttctagttc 
ccaaat:t:caa ttaatttctg taattgcgat 
tcgacttgag ggaacccgag tttaaatatg 
gttatagttt atacttaata gtggtgtttt 
attcttctta tgaagttgat tgagtgatta 

35 tggttgattg agtgattafct gtattagtat 
atttgttact cattcatcct tttgcatatg 
gagaacat-aa aagatatgtg tabttattta 
ctataciattt atatataact tgttgaattt 
tctagagtog aggtaccgag dtcgaattca 

40 gcttggtaat aattgtcatt agattgtttt 
tttagadaag tatcaaacgg atgttaattc 
taagttgtct aagcgtcaac ttgtttacac 
agctccccga ccggcagctc ggcacaaaat 
tgagtaaaac agcttgcgtc atgcggtcgc 

45 aatacgcaag gggaacgcat gaaggttatc 
aagacgacca tcgcaaccca tctagcccgc 
ttagtcgatt ccgatcccca gggcagtgcc 
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tgcaaccacc tgttgacccg eatcacgcag 4260 

ctgccagtca acagacgcgt ggrt-acagtc 4320 

gtccacccag gtgttcggcg tggtgtagag 43 80 

aaagaaafcca tggaagtaag actgctcttt 4440 

cggcgggata gtcfcgccagt tcagttcgtt 4500 

acaaattttg gtcatafcatt agaaaagt-ta 4560 

agaaaagcaa ttgctatata ctacattctt 4620 

attactacta atnaatgaca at tat tat at 46 BO 

taqacttttc ccggcaataa catacggcgt 4740 

ctgatgctdc atcacttcct gattattgac 4800 

gaaacgcagc acgatacgct ggcctgccca 4860 

ccagacgttg cccgcataat tacgaatatc 4320 

tggcacagca atcgcccggc tttcttgtaa 4^80 

acagttttcg cgatccagac tgaatgccca 5040 

tgggSftttct acaggacgta ccatggtcga 5100 

ccgggctcga ctctagatga aatcgaaatt S160 

cggactcatg aggatttcga gtatttcaag 5220 

tgatctcgat ttggttaatc cagtatctcg 5230 

tcaatttcat ctaacggtag agaatgatgt 5340 

agattggatg agtgtagggt caatcttatc 5400 

tgaatattag ccaatcgaag ttccatatca 5460 

ggaagataat aatgatcgaa attttggtag 5520 

tgagtggtct toaaattatt gaacgtgaca 5580 

gaaattttac ttattttaaa ggtatctcta 5640 

agcatttgac ctgcagtt^tc atgctcatag 5700 

atcttattac ttttttcgta a:tacaatttt 5760 

caaaattagg gtttitctaca aaacaaaaaa 5620 

tactogtaag ttacaaaaaa atacaaatga 5880 

taccatgtae tttcatgtac tcaattcaoc 5940 

cacccaatct ataaaattct gtccatttga 6000 

ttaaaattaa tattacatgt tcactatttc 6060 

ataaaaatgt tgaeccatca ctacaaatat 6120 

tggggataat tgatgaatta agtaaacatg 6180 

ttgtatgtaa acctatgtga ttgatgttat 6240 

gcaagcaaag atgattgttc ttatgaggta 6300 

agaaattgtg ttagcgtacg caaaacaata 6360 

aggtgacttt tgttaatgat attgtagtat 6420 

gagtataagc tatcaggatc cgggggatce 64 80 

ctggccgtcg ttttacaacg actcagtact 6540 

tatgcataga tgcactcgaa atcagccaat 6600 

agtacattaa agacgtccgc aatgtgttat 6660 

cacaatatat cctgccacca gccagccaac 6720 

caccacgcgt ctaaaaaggt gatgtgtatt 6780 

tgcgtatatg acgcgatgag taaataaaca. 6840 

gctgtactta accagaaagg cgggtcaggc 6900 

gccctgcaac tcgccggggc cgatgttctg 6960 

cgcgattggg oggccgtgcg ggaagatcaa 7020 
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10 



15 



20 



25 



30 



35 



33 



ccgctaaccg ttgtcggcat cgaccgcccg acgattgacc gcgacgtgaa ggccatcggc 
cggcgcgact tcgtagcgat cgacggagcg ccccaggcgg cggacttggc tgtgtccgcg 
ateaaggcag ccgacttcgt gctgattccg gtgcagccaa gcccttacga catatgggcc 
accgccgacc tggtggagct ggttaagcag cgcattgagg tcacggatgg aaggctaaaa 
gcggcctttg tcgtgtcgcg ggcgatcaaa ggcacgogca tcggcggtga ggttgccgag 
gcgctggccg ggtacgagcc gcccattctt gagtcccgta tcacgcagcg cgtgagctac 
ccaggcactg ccgccgccgg cacaaccgtt cttgaatcag aacccgaggg cgacgctgcc 
cgcgaggtcc aggcgctggc cgctgaaatt aaatcaaaac tcatttgagfc taatgaggta 
aagagaaaat gagcaaaagc acaaacacgc taagtgccgg ccgtccgage geacgeagca 
gcaaggctgc aacgfctggcc agcctggcag acaogccagc catgaagcgg gtcaactttc 
agttgccggc ggaggatcac aceaagctga agatgtacgc ggtacgccaa ggcaagacca 
ttaccgagct gctatctgaa tacatcgcgc agctaccaga gtaaatgagc aaatgaataa 
atgagtagat gaattttagc ggctaaagga ggcggcatgg aaaatcaaga acaaccaggc 
aecgacgccg tggaatgccc catgtgtgga ggaacgggcg gttggccagg cgtaagcggc 
tgggctgtct gccggccctg caatggcact ggaaccccca agcccgagga atcggogtga 
gcggecgcaa accatccggc ccggtacaaa tcggcgcggc gctgggtgat gacctggtgg 
agaagttgaa ggccgcgcag gcogcccagc ggcaacgcat cgaggeagaa gaogcaccgg 
tgaatcgtgg caaggggccg ctgatcgaat ccgcaaagaa tcccggcaac cgccggcagc 
cggtgcgccg tcgattagga agccgcccaa gggcgacgag caaccagatt ttttcgttcc 
gatgotctat gacgtgggca cccgogatag tcgcagcatc atggaogtgg ccgttttccg 
tctgtcgaag cgtgaccgac gagctggcga ggtgacccgc tacgagcttc cagacgggca 
cgtagaggtt tccgcagggc cggccggcat ggccagtgtg tgggattacg acctggtact 
gatggcggtt tcccatctaa ccgaafcccat gaaccgatac cgggaaggga agggagacaa 
gcccggccgc gtgttcsegtc cacacgttgc ggacgtactc aagfctctgcc ggcgagccga 
tggcggaaag oagaaagacg acctggtaga aacctgcatt aggttaaaca ccacgcacgt 
tgccatgcag cgtacgaaga aggccaagaa oggccgcctg gtgacggtat ccgagggtga 
agccttgatt agccgctaca agatcgtaaa gagcgaaacc gggcggccgg agtacatcga 
gatcgagcta gctgattgga tgtaoagcga gatcacagaa ggcaagaacc cggacgtgat 
gacggttcac occgattact ttttgatcga tcccggcatc ggccgttttc tctaccgcct 
ggcacgcogc gccgcaggca aggcagaagc cagatggttg ttcaagacga totaogaacg 
cagtggcagc gccggagagt tcaagaagtt ctgtttcacc gtgcgcaagc tgatcgggtc 
aaatgacctg ccggagtacg atttgaagga ggaggcgggg caggetggcc cgatcctagt 
catgagctae cgcaacctga tcgagggcga agcatcogoc ggttcctaac gcacggagca 
gatgctaggg caaattgccc tagcagggga aaaaggtcga aaaggtctct ttcctgtgga 
tagcacgtac attgggaacc caaagccgta cattgggaac cggaacccgt acattgggaa 
cccaaagccg tacattggga accggtcaca catgtaagtg actgatataa aagagaaaaa 
aggogatttt tccgcctaaa actctttaaa acttattaaa acfccttaaaa ccegcctggc 
ctgtgcataa ctgtctggcc agcgcacagc cgaagagctg caaaaagegc ctacecttcg 
gtcgctgcge tecccacgcc ccgccgcttc gcgtcggcct atcgcggcct atgcggtgtg 
aaataccgca cagatgcgta aggagaaaat accgcatcag gcgctcttcc gcttcctcgc 
tcactgactc gctgcgctcg gtogttcggc tgcggcgagc ggtatcagct cactcaaagg 
cggtaatacg gttatccaca gaatcagggg ataaogcagg aaagaacatg tgagcaaaag 
gccagcaaaa ggccaggaac cgtaaaaagg ccgcgttgct ggcgtttttc cataggctcc 
gcccccctga cgagcatcac aaaaatcgac gctcaagtca gaggtggcga aacocgacag 
gactataaag ataccaggcg tttccccctg gaagctccct cgtgcgctct cctgttccga 
ccctgccgct taccggatac ctgtccgcct ttctcccttc gggaagcgtg gogctttctc 
atagcccacg ctgtaggtat cttcagttcgg tgtaggtcgt tcgctccaag ctgggctgtg 



708 
714 
720 
726 
732 
73 8 
744< 
7S0< 
75S( 
762C 
768C 
774C 
7800 
7860 
7920 
7980 
8040 
8100 
8160 
8220 
8280 
8340 
8400 
8460 
8520 
8560 
8640 
8700 
8760 
8820 
8880 
8940 
9000 
9060 
9120 
9180 
9240 
9300 
9360 
9420 
9480 
9540 
9600 
9660 
9720 
9780 
9840 
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i&gcacgaacc 
ccaaicGcggt 
gagcgaggta 
ctagaaggac 
ttggtagctc 
agcagcagat 
ggtctgacgc 
ctcccaatlit: 
gatagtttgg 
cgcgaagcgg 
cgatctcgcc 
gaecttcttc 
ccggcaggcg 
ctgcgctgta 
cgggcggcga 
gaaccggatc 
ctttcgtcag 
gaatgtcatt 
gaat:gatgtc 
csiggggaagc 
gccttacggt: 
ctgcggagcc 
caactiacctic 
actttgtttt 
atcgacccac 
aaaaacagtc 



ccccgttcag 
aagacacgac 
tgtaggcggt 
agtatttggt 
ttgatccggc 
tacgcgcaga 
tcagtggaac 
gtgtf^gggcc 
ctgcgagcaa 
cgtcjggcttg 
tttcacgtag 
ttgtccaaga 
ctccattgcc 
ccaaatgcgg 
gfctccatagc 
aaagagttcc 
caagatagcc 
gcgctgccat 
gtcgtgcaca 
cgaagt:t:tcc 
caccgtaacc 
gtacaaatgt 
tgatagttga 
agggcgactg 
ggcgtaacgc 
ataacaagcc 



GGcgaccgct 

tcat;cgccac 

gctacagagt 

atctgcgctc 

aaacaaacca 

aaaaaaggat 

gaaaacccac 

tattatgcac 

fctatgtgctt 

aacgaatittc 

tggacaaat^t; 

taagcctgtc 

cagtcggcag 

gacaacgtaa 

gtit:aaggct:t: 

tccgccgctg 

agatcaatgt 

tctccaaatt 

acaatggtga 

aaaaggtcgt 

agcaaat:caa 

acggccagca 

gtcgatactt 

ccctgccgcg 

gcfctgcngct 

atgaaaaccg 



34 

gcgccttatc 

fcggcagcagc 

tcttgaagtg 

tgctgaagcc 

ccgctggtag 

ctcaagaaga 

gttaagggat 

gcttaaaaat 

agtgcatcta 

tagctagaca 

Gttccaactg 

tagct^caag 

cgacatccct: 

gcaccaGatt 

Gatctagcgc 

gacctaGGaa 

Ggatcgtggc 

gcagttcgcg 

cntictacagc 

tgatcaaagc 

tatcactgtg 

acgtcggctc 

cggcgatcac 

taaGatcgt:!: 

tggatgcccg 

ccactgcgtt 



cggtaactat 
cactggcaac 
gtggcctaac 
agttaccttc 
cggtggtttt 
tcctttgatc 
tttggtcatg 
aataaaagca 
acgcttgagn 
ttatttgccg 
atiGtgcgcgc 
t:at:gacgggc 
cggcgcgatt 
t^cgGtcatcg 
ctcaaataga 
ggcaacgcta 
tggctcgaag 
Gttagctgga 
gcggagaatc 
tGgccgcgtt 
tggcttcagg 
gagatggcgc 
cgctfcGcccc 
gctgctcGat 
aggcaiiagac 
ccat;g 



cgtcttgagt 

aggatcagca 

tacggctaca 

ggaaaaagag 

tttgttngca 

ttttctacgg 

cat;gat:atat 

gacttgacct 

taagccgcgc 

actaccttgg 

gaggGcaagG 

tgatactggg 

ttgccggtta 

ccagcccagt 

t:cctgtt;cag 

tgttctcttg 

ataGctgcaa 

taacgcGacg 

tcgctctctc 

gtttcaticaa 

ccgccatcca 

tcgatrgaGgc 

atgatgttta 

aaGatcaaac 

tgtaGCGcaa 



9900 
9960 
10020 

looao 

10140 

10200 

10260 

10320 

10380 

10440 

10500 

10560 

10620 

106B0 

10740 

10800 

10860 

10320 

10980 

11040 

11100 

11160 

11220 

11280 

11340 

11385 



SweTree Technologies AB 
BASF Plant Science GmbH 



20040239 ZZ-^l Z-lgWa }l82S3UEld(l)q 



1/7 




Fig. 1 



SweTree Technologies AB 
BASF Plant Science GmbH 



20040239 22:91 ZiSWtl n8ZSgUBHiii347 gp 



2/7 




Fig. 2 



SweTree Technologies A8 
BASF Plant Science GmbH 



20040239 U:^[ zje^n l\9^S5U^<iJa^^^^ 




SweTree Technologies AB 
BASF Plant Science GmbH 



20040239 




SweTree Technologies AB 
BASF Plant Science GmbH 



20040239 22:91 zJgW'il l\BiS2ii2li\n 



r . Cv.-.47 EP 



5/7 



OXDA_CAEEI,/ 303-321 
OXDA_PUSSO/3 2 5-343 
OXDA_HOMAN/3 05-323 
OXDA_MOUSE/3 04 -322 
OXDA_PlG/3 0 5 - 3 2 3 

OXDA_RABlT/3 05 - 3 2 3 
0XDA__RAT/3 04 -322 
OXDA__RHOTO/3 27-345 
OXDA_TRlVR/3 22 - 3 4 0 
OXDp_BOVIN/3 00-318 
OXDD_HDMAN/3 00-318 



VVHHYGhGSnGf t IgwGtA 
IVHNYGhSGwGyqgsyGcA 
VIHNYGhGGyGl t ihx^cA 

VIHNYGhGGyGltihwGcA 

VIHNYGhGGyGltihwGcA 

VIHNYGhGGyGltihwGcA 

VIHKnrGhGGyGltihwGcA 

LVHAYGfSSaGyqqswGaA 

VVHNYGaAGaGyqssyGmA 

WHHYGhGSgGiamhwGtA 

WHHYGhGSgGisvhwGtA 



Fig. 5 



SweTree Technologies AB 
BASF Plant Science GmbH 



20040239 U-^\ ^ i^MSuejjjBiB^ 



6/7 




Fig. 6 



S0 N3iI3S iwbsao 



SweTree Technologies AB 
BASF Plant Science GmbH 



20040239 



PF 55447 EP 



7/7 




STPT 



Fig. 7 



